


MECHANICAL MIXING 
MACHINERY 



CHEMICAL ENGINEERING LIBRARY 
Second Series Price 6s. net each. 


Just Published. 


THE TECHNOLOGY OF 
WATER 

By Alan A. Polutt, M.Sc. 
ORGANISATION OF PRO- 
DUCTION 

By J. W. Couris, M.B.E. 
CRUSHING AND GRINDING 
MACHINERY 
By Hartlano Seymour. 
SCREENING AND GRADING 
OF MATERIALS 
15y J. E. Lis IKK, A.M.Inst,C.E, 
THE DUST HAZARD IN 
INDUSTRY 
By W. E. Gibbs, D.Sc. 


SULPHURIC ACID CONCEN- 
TRATION. Vol.I. By Hot Gases. 
Vol. II. In Heated Vessels 
By P, Parrish, A.I.C., and 
F. C. Snklling. 

DISTILLATION PRINCIPLES 

By C. Ei.uoit, B.Sc. 

mechanical MIXli^G 
MACHINERY 

By L. Carpenter. B.Sc , A.I.C. 

AGITATING, STIRRING AND 
KNEADING MACHINERY 
By Harti.ano Seymour. 
ACID-RESISTING METALS 
By Sydney J. Tungay 


In Preparation. 


MODERN MUFFLE FURNACES 
ByC. M. Waiter, D..Sc 
MECHANICAL ROASTING 
FURNACES 
By W. Wvi.D. 

ACID REACTION CHAMBERS 
By P. Parrish, A.I.C. 
DISTILLATION IN PRACTICE 
By C. Elliott, B Sr 
CENTRIFUGAL DRYERS AND 
SEPARATORS 
By E. A. Allioti, B Sc. 
COLLOID MILLS 
By S. P. SoHOTZ, D Sc. 
LABORATORIES AND LABO- 
RATORY FURNISHING 
By Cecil Hollin.s, M.Sc. 
CHEMISTRY IN POWER 
PLANT 

By W. H. MILE.S. 

THE PRINCIPLES AND DE- 
SIGN OF TOWER FILLINGS 
By "Chemical Engineer." 


AUTOCLAVES AND HIGH- 
PRESSURE WORK 

By Harold Goodwin, M.Sc. 

POWER GENERATION AND 
TRANSMISSION ON WORKS 

By Hartland Seymour. 

THE DESIGN AND ARRANGE- 
MENT OF CHEMICAL PLANT 
By G. L. Wivyman. 
PRINCIPLES OF FILTRATION 
PLANT 

By IC A. Ai.i JTT. 

MODERN DRYING 
MACHINERY 
By H. B Cronshaw. 

TRANSPORT AND HANDLING 
OF mineral acids 

By F. Hiksch. ^ 

MECHANICAL DRAUGHT ' 

By J. B. LibTER and C. H. Harris. 
THEORY AND PRACTICE .OF 
COMBUSTION 
By J. B. Lister and C. H. Harris. 




MECHANICAL MIXING 
MACHINERY 

By LEONARD CARPENTER, B.Sc., A.I.C. 




LONDON: ERNEST BENN LTD. 

8 BOUVERIE STREET, E.C.4 
1925 



MIDI AND FRIKTBD IN OUtSAT BRITAIN 


Rkhard Clay * SoiUt Ltd., PritUera, Bungay, Suffolk 



PREFACE 


The subject of this book, hitherto, has 
hot been dealt with separately, although 
reference to mixing and descriptions of 
various types of mixers and mixing machin- 
ery will be found in all standard works 
on Chemical Engineering. The references, 
however, are usually of a somewhat brief 
character, as indeed they must be owing to 
exigencies of space. Moreover, mixing is a 
process, which, up to the present, has only 
been treated in an empirical way ; unlike such 
processes as crushing, grinding, separation, 
which admit of some degree of mathematical 
treatment as regards size of plant for a given 
9utput, strength of materials, and power t)f 
operation. This is not to say that a careful 
study of conditions in designing a mixer for 
a givfen purpose will not be amply repaid. 
But such a study must, of necessity, be 
mainly of an experimental nature on the 
principle of trial and error. 

This book does not claim to be an exhaust- 
ive work on the subject. It is addressed 
more especially to the student of chemical 
engineering, to the young works chemist 
anxious to study the art of transferring a 
laboratory process to the works. In the 
brief space at disposal it has only been 
possible to deal with the problems of mixing 
in comparatively few industries, and in these 
only in a somewhat superficial manner. 
These industries are not all, strictly speak- 
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ing, chemical ; yet chemists are, or may be, 
advantageously employed in all of them. 
This might indeed be said of every industry 
known. But it will be sufficient to say that 
the industries referred to involve typical 
mixing problems, and the machines des- 
cribed may furnish ideas for handling 
problems in other industries. 

The author wishes to thank the various 
makers of mixing machinery who have 
kindly fui’nished him with assistance in the 
way of literature, information, and blocks 
for reproducing illustrations, and also Mr. 
N. A. Lloyd, and Mr. J. W. Fagan of the 
Derbyshire Silica Firebrick Co., Ltd., and 
Mr. Walter Emery of the Stoke-on-Trent 
School of Science, for their assistance and 
advice in the preparation of the manuscript. . 

L. C. 

Ruxton. 

February, 192 .“). 
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intimate contact, either for the purpose of 
promoting chemical action or of simply 
providing a homogeneous mixture. In 
either case, the more intimate the contact 
the more satisfactory the product. A homo- 
geneous mixture may be defined as one 
any portion of which is a fair sample of the 
whole; so that from wherever a sample 
may be taken in the mass it will always 
contain the same constituents in the same 


proportions. As may be imagined, such a 
perfect mixture can never be realised in 
practice, but with certain types of machines 
it can be closely approached, more especi- 
ally in systems containing a liquid phase. 
In the case of dry mixings, a perfectly 
homogeneous system, even if it could be 
obtained, would be unstable, as any move- 
ment of the mass would set up a sifting 
action, the particles of the finer material 
tending to pass through the interstices of the 
coarser and thus to separate from them. 


11 
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This tendency is very much less in a wet 
mix, owing to the viscosity of the liquid 
hindering movement, and the capillary 
action tending to keep the particles of solid 
in contact with one another. 

Taking now the hypothetical case of a 
perfectly homogeneous mixture composed of 
two constituents A and B in equal propor- 
tions by weight ; then, if A and B are both 
of the same density, each particle of A must 
lie alongside a particle of B. Similarly, if 
the proportion be two of A to one of B, then 
two particles of A will lie alongside each 
particle of B throughout the mass. These 
statements are made on the assumption 
that the particles of both A and B are all of 
the same size. Suppose now the relative 
densities of A and B are different, and that 
A is twice that of B. Still assuming that 
the particles are all of the same size, then, 
in this case, there will be two particles of B 
to each one of A associated together. Where 
the relative densities do not bear a simple 
numerical relation the case becomes more 
complicated ; for example, if A has a density 
of 1*2 and B a density of 1*0, then 6 particles 
of B will be associated with 5 of A, 

It will thus be seen that such perfect 
association of particles can only be ap- 
proached by the most intensive action in a 
mixer. In fact it is probably only in the 
type of machine known as the colloid mill, 
to which further attention will be directed, 
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that such intimate incorporation can be 
obtained. 

The principles favouring a close approach 
to perfect mixing may be enunciated as 
follows : — 

(1) The particles of each constituent must 

be as small as possible. By this 
means the association of the correct 
number of particles together may be 
the more nearly approached. 

(2) The particles of each must be of 
approximately equal size, otherwise 
perfect homogeneity cannot be 
approached. 

(This condition may not be practi- 
cable in every case. For other reasons, 
moreover, it may not be desirable ; 
for example, in the manufacture of 
refractories, the mix as prepared in 
the mill contains particles which may 
vary from | inch down to colloidal 
dimensions. This is necessary in 
order to provide a body combining 
toughness with porosity. Here, other 
necessary properties of the mix 
militate against perfect association 
of the particles.) 

To these two principles may be added a 
third upon which depends more the stability 
of the mix when made, rather than the 
actual attainment of homogeneity, although 
the latter is affected by it. Namely, the 
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densities of A and B must be approximately 
the same, or at any rate of the same order. 
The effect of different densities has already 
been considered when dealing with the . 
association of particles. In addition, the 
tendency of the constituents to separate by 
sifting action is greater where the densities 
show great disparity. If the sizes of the 
particles differ considerably, and the smaller 
particles are of greater density, the tendency 
to separatioji will be enhanced, but if the 
reverse, it will be diminished. In a large 
number of cases the density of a body is 
greater the greater the hardness, owing to, 
a more compact texture. (Consequently, 
when two materials are ground together 
for the purpose of mixing, if one is of 
greater liardness than the other, the softer 
material will form the bulk of the finer and 
less dense material, and such a mixture will 
show less tendency to separate than one in 
which the finer material is the more dense. 

In such cases it is generally better, if very 
intimate mixing is desired, to grind each 
constituent separately to approximately the 
same size, and incorporate them in a machine 
whose sole function is mixing. 

Types of Mixtures.— Mixtures may be 
divided into two main classes, viz. homo- 
geneous and heterogeneous. In order to 
avoid confusion in the term homogene- 
ous ” as used in the previous paragraph, and 
now, it may be explained that “homo- 
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genfeous is now applied to mixtures each 
constituent of which is in a similar phase, 
for example, all solids, or all liquids mutually 
soluble. Heterogeneous mixtures contain 
constituents in different phases, for example, 
solid and liquid, liquids mutually insoluble. 
In such systems, one or more phases will be 
disperse and one continuous; it is possible 
to pass through a continuous phase without 
passing through any of the others, whilst 
the particles of the disperse phase are all 
separated from each other by the con- 
tinuous phase, and it is impossible to pass 
through the mass without entering the 
latter. 

Considering now the applications of the 
afore-mentioned principles to homogeneous 
and heterogeneous mixtures, it will be 
readily seen that conditions (1) and (2) are 
more readily satisfied in the case of the 
former than in the case of the latter. 
Taking the case of a thick suspension or 
cream such as milk of lime, the solid, 
disperse phase consists of particles of 
hydrate of lime of measurable, if micro- 
,scopic, dimensions, whilst the water, the 
continuous phase, consists of particles of 
sub-microscopic, molecular dimensions. The 
nearest approach we can get to a perfect 
•mixture is that in which the particles of lime 
are evenly distributed throughout the water, 
so that from whatever part of the mass we 
draw a sample it will always contain the 
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same percentage of lime and water. ‘As 
prepared in the ordinary way, such a 
mixture will tend to separate, the lime grad- 
ually sinking to the bottom, and in order to 
maintain a constant mixture some stirring’ 
device is necessary. 

The conditions (1) and (2) are nearly 
perfectly satisfied in the case of miscible 
liquids, because here ail particles are of 
molecular dimensions. Moreover, the mole- 
cular movement going on tends to prevent 
separation, which does not take place even 
in the case of liquids of such widely differing 
densities as ether and chloroform. Mixtures 
of mutually soluble liquids are absolutely 
permanent. Such permanency can be 
obtained in heterogeneous systems if the 
disperse phases be reduced in a colloid mill 
to particles which begin to approach mole- 
cular dimensions. In the ordinary way, if 
we shake up petrol and water together we 
obtain a temporary emulsion, but this 
quickly separates as the particles of each 
phase coalesce. If, however, the mixture 
be disintegrated in a colloid mill, the 
particles are broken up into such minute 
dimensions that they do not coalesce, 
especially if some deflocculant be added 
which, by coating the particles, lowers 
the surface tension and prevents their 
reuniting. 



CHAPTER II 


OPERATIONS OP MIXING 

Before describing the types of machinery 
suitable for mixing, it will be well to con- 
sider first the procedure of mixing by hand. 
The usual plan to be adopted consists in 
spreading each constituent out in an even 
layer one on top of another; the propor- 
tion by volume of each constituent will then 
be in proportion to the depth of each layer. 
The operator then proceeds to turn the mass 
over with a shovel, thus bringing the bottom 
layer to the top, and vice versa ; in so doing 
a partial mixing is effected, which becomes 
more intimate the more the mass is turned 
over. The operation is continued until the 
whole mass appears homogeneous; if the 
constituents arc of different colours or 
shades, it becomes much easier to judge 
when this condition is reached, as any con- 
centration of one particular constituent in 
any part of the mass is evident by an appear- 
ance of streakiness or patchiness. Hand 
mixing is still employed for small quantities, 
especially when one or more of the constitu- 
ents is of a light and dusty character, as less 
dust is likely to rise than in a mechanical 
mixer unless this is covered in and some 
arrangement made for the collecting of the 
dust. A familiar example is the operation * 
of mixing small quantities of mortar. It is 
also employed in the fertiliser industry for 
blending small orders for compound manures 

17 
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of non-standard composition, when the quan- 
tities are not sufficiently large to justify 
cleaning out a mechanical mixer for the 
purpose. 


xxxxxxxxx 
xxxxxxxxx 
xxxxxxxxx 
xxxxxxxxx 
xxxxxxxxx 
xxxxxxxxx 
xxxxxxxxx 
ooooooooo 
ooooooooo 
ooooooooo 
ooooooooo 
00000000 0 
ooooooooo 
ooooooooo 

(a) Unmixed 

Xxxxoxoxo 

xxxoxoxox 

xxoxoxoxo 

XOXOXOXO X 

xoxoooooo 

Xoxoxoooo 

XOXOXOOOO 

XOXOXOXOO 

OXOXOXOXO 

xxxoxoxox 
xxxxxxooo 
XXXXXOOO o 
XXXXOOOOO 

XXX O 0 o 0 o 0 

(c) Partially Mixed 


xxxxxxxxo 

XXXXXXXOO 

xxxxxxooo 

XXXXXOOOO 

XXXXOOOOO 

XXXOOOOOO 

xxxoooooo 

XXXXXXXOO 

xxxxxxooo 

XXXXXOOOO 

XXXXOOOOO 

xxxoooooo 
XXO 000000 

Xoooooooo 

(6) Mixinj^ Begins 

xox oxoxox 

0X0 xo'xoxo 

xox oxoxox 

OXOXOXOXO 

xoxoxoxox 
0X0 Xoxoxo 
xox oxoxox 

OXOXOXOXO 

xoxoxoxox 

oxoXoxo'xo 

xox oxoxox 

OXOXOXOXO 

xox oxoxox 
0 X0 xoxoxo 

{d) Mixing Complete 


Ffo. 1 . — Mixiko IX Foon Stages. 
Matorial A thus : x x x x 
Material B thus : o o o o 


Mechanical mixers are designed to carry 
out the above operation more rapidly and 
with less expenditure of labour. Fig. 1 
shows a mix in various stages of preparation ; 
in (a) the two constituents A and B are 
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showii, the one on top of the other before 
mixing has begun. In order to effect mix- 
ing, the moving member is designed to 
draw the particles of B up through the mass 
of A, whilst the latter is at the same time 
caused to pass downwards, thus producing 
different stages through (b) to (d). This 
may be effected by means of a shaft fixed 
vertically in the container and carrying 
blades arranged helically in such a manner 
as to effect the required action. Or the 
shaft may be set horizontally so that the 
blades lift and turn the mass over in the 
same way as the spade in the hand-mixing 
operation. The vertical shaft type requires 
less power to operate, but takes longer than 
the horizontal shaft type to effect mixing. 
The proper type to employ can only be 
decided by the particular conditions in- 
volved, such as density and size of the 
particles, and general texture of the 
materials involved. In general, it may be 
said that for solids the horizontal type is 
usually preferred, whilst for the liquids the 
vertical type is preferable. We may now 
proceed to discuss in detail various opera- 
tions of mixing and to analyse the peculiar 
conditions involved in each. 

Two or more Solids.— In order to incor- 
porate thoroughly two or more solids it is 
usually necessary to reduce each to a more 
or less fine state of division; this is in 
accordance with the first principle laid down 
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in Chapter I. In certain cases, this may 
not be desirable for other reasons, as in the 
case of a clay mix in the manufacture of 
firebricks, where a certain proportion of 
coarse calcined materials, or “ grog,” is 
added to the raw clay to give strength and 
porosity, and to reduce shrinkage. The 
grog plays a similar part to the fjoarser 
particles in a concrete aggregate, and in con- 
sequence must not be too fine. A consider- 
able proportion of fine material is necessary 
in tlie raw clay, however. 8uch a mixture 
cannot strictly be called homogeneous, 
because it would be possible to pick out 
from the mass a piece consisting almost 
entirely of grog, or without any grog at all, 
which could not be said to be representative 
of the whole. Taking, however, the case 
where a high degree of homogeneity is 
desired, the first process will consist in 
reducing each constituent to a certain degree 
of fineness, and in accordance with the 
second principle laid down in Chapter I 
this must be approximately the same for 
each. Where the constituents are of a 
similar degree of hardness, and consequently 
become crushed to the same degree of fine- 
ness when subjected in a mill for the same 
periods of time, it is possible to combine 
the operations of grinding and mixing; a 
variety of machines are made which combine 
both functions. In fact, although the 
principles of grinding and mixing are entirely 
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different, it is impossible to deal with the 
latter without introducing the former in 
some shape or form. 

Where the materials are of a different 
order of hardness it becomes essential to 
grind separately and incorporate in a 
machine whose sole function is mixing. An 
example of this may be described in the 
mixing of basic slag and mineral phosphates 
in the preparation of the so-called slag 
phosphate, or “ enriched slag.” Of these, 
the slag is by far the harder of the two 
materials. If an attempt be made to grind 
and mix the two simultaneously in a ball 
and tube mill installation, the phosphate is 
quickly reduced to j)owder and will pass out 
of the discharge trunnion of the tube mill 
before the slag. If the discharge be closed 
up to prevent this, the mill has to be run a 
much longer period than is necessary to 
grind the phosphate before the slag is 
reduced to fine powder required in a ferti- 
liser of this description. Moreover, the mill 
does not function so efficiently, owing to the 
cushioning action of the ground phosphate, 
the coarser particles of slag tending to 
become embedded therein under the action 
of the balls.i 

Whether the operations of grinding and 
mixing are carried out separately, or to- 
gether in the same machine, the latter 


' Sec Fig. 4, p. 38. 
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consists in turning over the mass, cahsing 
one constituent to constantly replace 
another until conditions of homogeneity are 
sufficiently approached for the purpose 
involved. Such a mixing will be fairly 
stable and permanent if conditions (1) and 
(2) (Chapter I) have been satisfied to a 
sufficient degree. Any considerable differ- 
ence in grain size, especially if associated 
with a greater density on the part of the 
finer particles, will tend to produce “ sifting 
action ” as described, and consequent 
separation. 

Two or more Miscible Liquids. — When one 
liquid is poured upon another with which 
it is mutually miscible, in a vessel, the 
denser will sinlj to the bottom and form 
a separate layer. The molecular move- 
ment of each, however, will slowly cause it 
to diffuse into the other, until in time a 
homogeneous mixture will result. Such a 
process would, however, be extremely slow, 
and may be hastened by heating, the con- 
vection currents quickly effecting mixing. 
Or liquids may be agitated, either mechanic- 
ally by means of a paddle, or by forcing 
compressed air or steam through the mass. 

Conditions (1) and (2) are probably more 
fully satisfied in this case than in any other 
without any previous preparation, and con- 
sequently such mixings do not present any 
great difficulty. Examples include the 
blending of oils by compressed air, the mix'* 
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ing of various organic compounds with 
strong sulphuric acid in processes dt sul- 
phonation; numerous other examples will 
occur to the reader. 

A very simple type^of^agitator for such 
mixers consists of a hollow truncated cone 
or cylinder mounted concentrically with the 
shaft, to which it is joined by blades or webs 
arranged helically. The effect of these is 
to draw the liquid up from below through 
the cjdinder or cone, and pass it towards 
the surface, whence it returns by gravity on 
the outside of the rotating member. If this 
member be in the form of a cone it is usual 
to arrange it with the smaller end lower. 

The circulating action of an agitator of 
this description renders it ^unnecessary to 
make use of the arms on the rotor to sweep 
the full diameter of the vessel. Such an 
arrangement might effect more rapid mix- 
ing, but at the expense of more power. 
Moreover, the deep vortex which would be 
produced might cause the liquid to overflow 
the sides of the vessel if this were open, 
unless it were not more than half filled. 

An extremely simple method of mixing 
two mutually soluble liquids consists in 
running them from separate tanks into a 
common chute which discharges into a 
third or mixing tank. This is a very con- 
veiiient method of mixing solutions of sub- 
stances which react to form a precipitate. 
An example is the preparation of lead 
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arsenate by mixing solutions of lead nh/rate 
or acetate and sodium arsenate, but may 
be applied to almost any similar case. A 
familiar and homely example well known to 
housewives is the preparation of French 
coffee by pouring coffee and milk into the 
cup simultaneously. It is probably the 
extremely intimate mixture of the coffee and 
milk produced in this manner that accounts 
for the excellent flavour. 

Solid and Liquid. — ^Mixtures of solids and 
liquids in which the former are insoluble 
in the latter belong to the class of hetero- 
geneous systems. They may be sub- 
divided into two : {a) pastes, when the solid 
preponderates; and (b) creams, slurries, 
or slips, when tjie liquid preponderates. 

With (a), in order to obtain a proper 
degree of homogeneity, it is necessary, iri 
accordance with condition (1), to have the 
solid in a fairly fine state of division, or at 
any rate a sufficient part of it to hold the 
coarser particles up ; as in the case of a clay 
paste used in the ceramic industries, where 
the mixture may be composed of, say, 
40 — 50% of fine material with comparatively 
coarse particles of calcined clay or flint. 
Provided the liquid phase is not volatile, 
a paste is quite stable and retains its 
original degree of homogeneity indefinitely, 
the liquid being retained in the interstices 
of the solid by capillary action. 

The preparation of such a paste is by no . 
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means so simple • as might at first be 
imagined. In the clay industries the solid 
constituents are frequently first mixed dry, 
then sprinkled with water and left to soak 
for varying periods. This process of “ age- 
ing ” or “ souring,” as it is called, is sup- 
posed to be, to a certain extent, a bacterial 
action, but there is no doubt that the gradual 
soaking of the water through the mass under 
the action of gravity plays an important 
part, and saves considerable power when the 
stiff paste is forced through the die of the 
pug-rnill, besides rendering it more homo- 
geneous. In the case of extremely short, 
siliceous clays, unless this “ ageing ” process 
has been carried out properly, there is risk 
of breaking the knives of the pug-mill. 

In the case of (6), where the liquid phase 
predominates, the problem lies not so much 
in obtaining a proper mixture as in prevent- 
ing separation when once obtained. If the 
solid be of greater density than the liquid, 
it will tend to fall to the bottom, and if of 
less density, to rise to the top. Only in the 
extremely rare case of the solid being exactly 
the same density as the liquid can the 
system be said to be stable. If, however, 
the particles of the solid be of such dimen- 
sions that the ratio of their area to their 
mass is very great, i.e., if the particles be 
Extremely small, separation may be hindered 
to such an extent as to render the suspen- 
sion practically permanent. Here we have 
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a case where condition (1) must be’well 
satisfied. Such permanent creams and 
suspensions can only be produced by means 
of special types of machine such as the 
colloid mill, since the particles must be of 
more or less colloidal dimensions. 

In the pottery and cement industries, 
where slips or slurries are used, stability is 
maintained by means of slow moving stirrers 
in the stock tanks for the mixtures. 

Two or more Immiscible Liquids. — The 
same conditions apply in this case as to 
stable suspensions. The disperse phase or 
phases must be comminuted to such small 
dimensions that the ratio of area to mass is 
of such an order as to make the resistance 
to movement in the continuous phase as 
great as possible. Here again the colloid 
mill is the only means whereby such con- 
ditions may be realised mechanically. It is . 
possible, however, to prepare stable emul- 
sions by the addition of emulsifying agents. 
The emulsification of creosote oils by means 
of soap in the manufacture of disinfectants 
is an example of this. 

It should be mentioned that it is not 
merely the relation of area to mass which 
renders dispersions of the above character 
stable, but also the Brownian movement 
exhibited by all colloidal particles, due to 
the electrical charges thereon. 



CHAPTER III 

TYPES OP MIXING MACHINERY 

Perhaps the great majority of mixing 
problems involve the mixing of solids. 
Such processes may be divided into three : 
dry, semi-dry, and wet. The addition of 
water or other liquid, where this does not 
affect the materials or the product in any 
detrimental way, is frequently an advantage 
It lubricates the movement of the particles 
upon one another and thus absorbs less 
power for the mixing operation. This is 
more especially the case with dense solids, 
or those in which the particles tend to 
interlock and so bind together. It stands to 
reason that dense bodies will absorb more* 
power than Hght ones, owing to the greater 
amount of work required to be done in 
lifting them. 

We may now proceed to describe various 
types of mixers in use. They may be divided 
into two main classes : batch mixers and 
continuous mixers. In the former, the 
materials are placed in the machine in 
their required proportions, one after the 
other, or simultaneously, and after mixing, 
are discharged by suitable means, and a 
further batch is put in and mixed, the 
operation being continued tintil a sufficient 
quantity has been made. In the latter, the 
materials are continuously fed in at one 
point and withdrawn at another, the mix- 
ing gear also acting as a conveyor, passing 

' ' 27 
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the materials through the machine. “It is 
possible partially to combine both functions 
in what may be termed a semi-continuous 
mixer. The materials are introduced in 
batches but withdrawn continuously, fresh 
material being added before the previous 
batch has been completely withdrawn. 
Such an arrangement can hardly be recom- 
mended from the point of view of accuracy, 
as there is risk of contamination of the out- 
going product with the first constituent of 
the next batch. For rapid output where a 
high degree of constancy of composition 
is not important, however, it has advantages. 

The advantages of the continuous mixer 
from the point of view of rapid output are 
obvious; in addition, there is no power 
wasted in revolving the mixing gear idly 
between the addition of the batches; al- 
though this power in general is quite small 
in itself, it may amount to quite a large item 
with very large outputs and should not be 
left entirely out of consideration under such 
circumstances. 

To obtain really good results with con- 
tinuous mixing, it is important to have an 
accurate feeding mechanism which will 
measure the constituents in the right 
proportions. In some cases, the correct 
quantity of each constituent is brought and 
dumped beside the mixer in sufficient 
quantity to last for some time. The 
operator, roughly gauging the right pro- 
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portibns, feeds the materials by alternate 
shovelfuls into the machine until the supply 
of each is exhausted ; if his gauging has been 
fairly correct, he will exhaust each heap at 
the same time, but if not lie will have a 
supply of one or more left over; he must 
then feed the whole of the material through 
the machine again, adding the surplus 
material gradually so as to incorporate it 
with the rest of the batch. The extra time 
and expense involved in such a procedure 
are obvious. In practice, however, the 
operator becomes skilled in gauging the 
quantities, and any inaccuracies in the 
gauging are evened out in the mixer if this 
be of large capacity. One of the advan- 
tages of continuous mixing, however, lies 
in the ability to use a small machine absorb- 
ing comparatively little power for large 
outputs, so this advantage would be greatly 
discounted when using a larger machine. 

In spite of its drawbacks, the above 
method of feeding continuously by hand, 
and relying upon the judgment of the 
workers for accuracy, is still used to a great 
extent, especially in the fertiliser industry 
for preparing compound manures. These 
“ Compounds ” have to come up to a strict 
guarantee which is required by law to be 
stated on the containers, so that it would 
seem highly inadvisable to make use of such 
.haphazard measures. In practice, how- 
ever, practically all compounds have to 
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undergo an ageing period in heaps/ arid 
before bagging are subjected to a further 
disintegrating and screening process; this 
effects further mixing, evens out “pockets,” 
and renders the whole mass reasonably 
homogeneous in most cases. 

To obtain really accurate and even com- 
position in one operation, however, it is 
essential to use some kind of measuring 
device. For liquids, this is comparatively 
simple, as, provided the head remains con- 
stant, the rate of flow through an orifice of 
fixed size is constant. With solids, however, 
it is much more difficult ; in fact, with 
materials of fibrous or thread-like texture, 
practically impossible. Fine, dry powders of 
constant density behave to a certain extent 
like liquids and can be made to flow through 
orifices, but such an, arrangement can 
seldom be recommended, as it would require ; 
constant attention to avoid “hanging 
up,” and consequent stoppage. The best 
arrangement is one in which the solid is 
positively fed, and an example of this is the 
measuring table illustrated in Fig. 2. The 
material is fed either by hand or mechanical 
means into the hopper, A, whence it falls 
on to the rotating table, B, and is con- 
tinuously diverted by the knife, C, which 
cuts it off in a definite manner and causes 
it to fall off at D. Any desired proportion 
may be measured, according to the depth : 
to which C is set on the measuring ^ableJ 
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Two 'Or more tables with their respective 
hoppers may be arranged, one above 
another, rotating on a common shaft, so as 
to measure proportions of more than one 
constituent, which are caused to fall off at 
points one above another into the mixer. 



Fio. 2 . — Table Measuring Machine. 


Provided the hoppers are kept filled above 
the level of their lower edges, the proportion 
measured off will be the same, however 
much is fed into them; so that the feed 
may be more or less intermittent according 
to the size of the hopper. 

Other types of measuring machine include 
screw conveyors with tapering threads 
Which can be set at various positions in the 
feed trough, and rotating valves. Ihe 
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latter have the disadvantage that the* feed 
and discharge are by gravity, and thus with 
certain materials “ hanging up is liable 
to occur ; they appear, however, to give 
satisfaction in many cases. 

The measurers have to be calibrated 
separately for different materials. In spite 
of the obvious advantages of continuous 
mixing, engineers in this country seem to 
prefer mixing in batches, more especially 
in regard to concrete. This is probably 
due to the fact that measuring devices do 
not as a rule provide the degree of accuracy 
required for such purposes. 

Turning now to actual types of mixers 
in use, one of the oldest and still very 
popular machines is the edge-runner or 
pan mill, of which a diagram in plan is 
shown in Fig. 3. It consists of a circular 
pan. A, in which are fixed broad rollers, BB, 
which are free to rotate independently of, 
one another upon a shaft, C. Either the 
pan, A, may be rotated, the rollers, BB, 
turning in opposite directions to one 
another by friction with the pan bottom ; or 
the pan may be kept stationary and the 
rollers caused to travel round it, movement 
being imparted through the spindle, D, 
by means of the crown and bevel wheels, 
E and F; in this ease, the spindle, D, is 
keyed solid to the shaft, C. If the pan is; 
to be rotated, D passes through a bearing* 
in C and is keyed to the centre of Aj. Jn. 
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this case the pan itself rotates upon, and is 
supported by a massive bearing beneath. 
This bearing must be of a very substantia] 
nature, as it has to take the weight of the 
pan, of cast iron or steel and usually very 
heavy, together with the weight of the 
contents; for this reason the stationary 



pan is sometimes preferred, but it is not so 
convenient for feeding, as the rollers are 
continually passing the feed point, and 
material is liable to be deposited upon them, 
and, if of a sticky nature, is liable to adhere. 
I In’ order to keep the material in the path 
of the rollers, from which it tends to pass 
outwards by centrifugal action, scrapers, G. 
and H, are provided. These scrapers are 
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stationary when the pan rotates, but move 
round with the rollers when the pan is 
fixed. 

These machines are grinding mills in the 
first place, })ut are extremely useful for 
mixing heavy materials which are not af- 
fected by the ci'ushing action of the rolls, 
such as rocks, clay and sand, and for this 
reason are largely used in tlie refractories 
industry and for mixing mortar.^ The 
mixing action is effected to a great extent by 
the scrapers which continuously turn the 
material over, but the rollers also play an 
important part in flattening it out again and 
thus further altei’ing the association of 
particles. In addition, these machines are 
practically fool-proof, and cannot jamb 
through overloadiiig, or through the intro- 
duction of fragments of materials too hard 
to crush, such as pieces of iron or steel. The 
rollers arc hung in sliding bearings, and 
simply climb over materials too hard Jbo 
crush. If the pan be overloaded, it simply 
fills up, the rollers revolving upon the 
surface of the material. 

Pan mills can be used as continuous or 
batch mixers. In the former case the pan 
is perforated with holes of rectangular 
or trapezoidal form, through which the 
material falls as it becomes sufficiently 
ground, and drops to the boot of an elevator, 

^ Mortar mills arc frequently only provided 'wdth 
one roller. In this case the pan rotates. 
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, whence it may be raised to a screening 
• plant, provision being made for returning 
the tailings, via a chute, to the pan. When 
used as a batch mixer, the pan has a solid 
bottom and the material is ground for a 
sufficient period to effect the desired mixing. 
It may then be discharged whilst still 
running by inserting an open-ended trough 
or chute, up which the material is forced as 
the pan travels round. In some cases the 
pan has a rotating bottom only, the sides 
being stationary; a door is provided in 
the latter, which can be opened when 
the material is discharged by altering the 
position of the scrapers so as to sweep the 
. material out. 

With a fixed pan, mechanical discharge 
may be arranged in a similar way by means 
, of a door in the side or bottom of the pan ; 
the position of the scrapers is altered so 
that the material is swept towards the 
opening and discharged. 

Another type of pan mill is provided with 
a pan having a conical bottom which slopes 
slightly downwards all round towards the 
middle. Each roller is formed as the 
frustum of a cone, the larger diameter being 
innermost. It is claimed that the grinding 
and mixing actions are improved thereby 
and the tendency towards clogging is dimin- 
ished.^ In some cases the rolls are sup- 

' ^ Patent Specification 191208, Grinding, Crushing 

and, Mixing Mills, J. Wass. 



36 MECHANICAL ^lXlm MACHINERY 

^ ‘ k . ' ' r.'U, '* ‘w- 

ported a few inches above the pap so that a 
certain depth of material is required before 
they will revolve. This, however, is more 
for grinding than mixing purposes and so 
does not call for treatment here. 

Pan mills may be constructed of cast iron 
or steel. Where contamination with iron 
is to be avoided, the rolls and the bottom 
of the pan may be made of granite, and the 
scrapers of lignum vitie or other hard wood. 
For really good results both pan and rollers 
should be turned perfectly true. 

With regard to motive power, this may 
be by belt from a line shaft or motor, to 
fast and loose pulleys mounted on the end of 
the shaft carrying the bevel wheel, F. This 
shaft may even be driven directly by means 
of a crank mounted on the end, attached to 
the connecting rod of a steam engine. In 
other cases the pan may be under-driven by. 
crown and bevel wheels, but this method 
is not to be recommended from the point of 
view of cleanliness and accessibility, except 
perhaps for small machines mounted above 
the floor level where the driving pinions 
are readily accessible for lubrication and 
adjustment. 

Pan mills are made and used in all sizes, 
from small machines with a capacity of a 
few hundredweights per hour up to eight 
tons, and are used in a great variety of 
industries. Their simplicity and fool-proofj 
character are a strong recommendfltinti'^ 
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They may be used for both dry and wet 
mixing, but in the latter case, if the material 
be of a pasty consistency, it is desirable to 
provide scrapers to the rolls to remove any 
adherent matter. 

Other types of grinding mills sometimes 
used as mixers are ball and tube mills. 
The principle of these is similar, namely, a 
rotating cylinder containing a number of 
balls of steel or flint. The cylinder is lined 
with some hard material such as cast steel, 
or quartzite, and grinding is effected by the 
rubbing and pounding of the balls on 
the material as the cylinder rotates. - The 
difference between the ball and the tube 
mill lies in the arrangement for discharge. 
The former, which is usually of shorter 
barrel than the latter, contains a series of 
stepped plates, as shown in Fig. 4. Re- 
volving in the direction of the arrow, the 
balls constantly roll down and fall from plate 
to plate, the materials thus being mixed and 
ground simultaneously. The discharge is 
via holes drilled in the plates and the 
material passes over screens surrounding 
the whole cylinder. The tube mill is 
usually of longer barrel, and is simply a 
hollow cylinder ; it is fed either through a 
manhole when stationary, if used as a batch 
machine, or through a hollow trunnion if 
used continuously, the discharge being 
[effected in a similar manner. 

These mills may be used for both dry 



38 MECHANICAL MIXING MACHINERY : 

and wet mixing, but if the latter, the liquid 
must be present in sufficient quantity to 
produce a slurry; if not, a thick paste is 
formed which coats the balls and clogs 
the action to such an extent as to render it 



Fj(i. 4. - Kali. Mill. 


useless. Where mixing only is required, 
the balls may be replaced by projecting 
arms, which turn the material over. 

As mixers, however, ball and tube mills 
have a far more limited application than 
pan mills. In the manufacture of cement, 
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however, by the dry process, the tube mill 
is used for the purpose of grinding and 
mixing. (See (-hapter V.) 

Crushing rolls, consisting of a pair of 
rolls, either j)lain, grooved or fluted, and 
revolved in opposite directions in close 
proximity, have certain limited uses as 
mixers, notably in the I’ubber industry, 
and to a certain extent in the clay industry. 
Their action is to squeeze the materials 
into contact, but when used alone for this 
purpose, repeated passage of the materials 
between them is fie(*essary, oi* else they are 
used in conjum^tion with other macliinery. 
(See Mixing in the Ceramic Industry, 
(Chapter VI.) 

As previously stated, grinding and mixing 
can only be carried out simultaneously with 
success when the materials are of a similar 
degree of hardness. 

Turning now to machines whose sole 
function is mixing, we find that there is an 
enormous variety of these. One of the 
commonest and most popular is the hori- 
zontal shaft mixer which is suitable for dry 
mixing, or wet mixing with a ])reponderance 
of solid {i.e.y pastes). It consists of a 
trough of semicircular section containing 
a rotatable, horizontal shaft carrying a 
complete open worm, or else helical blades, 
the latter being arranged like an inter- 
rupted worm. A continuous solid worm 
would be unsuitable, as the machine would 
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then act simply as a conveyor which would 
push the material to one end, where it 
would simply bank up and overflow if the 
trough were open, or wedge up and stop 
the machine if closed. The open worm 
simply conveys the material until it rises 
above the level of the wo]*m blade, when it 
falls back again, the action being continually 
repeated and mixing effected. The inter- 
rupted worm type works in a similar manner. 
The action consists entirely in picking up 
and turning over the material. Where the 
mass is liable to be rotated as a whole, as in 
the case of sticky or glutinous materials, 
baffles arc arranged between the blades, or, 
what amounts to the same thing, the blades 
revolve in pockets. Not only is it important 
to prevent rotation of the batch as a whole, 
but also to reach the whole of it, and for 
this reason the (dearance between the tips ^ 
of the blades and the inside of the trough ! 
should be as small as possible without risk 
of jambing. 

Horizontal mixers arc sometimes con- 
structed with two shafts set parallel to one 
another and revolving at different speeds in 
opposite directions. The ratio of speeds 
may be as four to five. This arrangem<?nt 
effectively prevents rotation of the batch 
as a whole and effects more thorough 
mixing. 

A typical example of such a mixer is 
Fawcett’s double-shafted clay-mixer, made ,, 
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by Thomas C. Fawcett, of l 4 ,eeds. It is 
supplied either with or without an automatic 
feed and patent water control, and may be 
used as a batch or continuous machine, but 
is primarily intended for the latter. It 
is largely employed in the brick-making 
industry, and the output, which is entirely 
automatic, may [)e adjusted to the capacity 
of the brick press. 

Horizontal shaft mixers may be provided 
with jackets for the circulation of steam, hot 
or cold water, or oil, so that the batch may 
be heated or cooled during mixing; in 
addition, the shaft may be made hollow for 
the same purpose. An example of this is 
the “ Atomixer,” made by the Keenok Co., 
Ltd. This machine consists of a barrel 
carrying a hinged lid which may be turned 
back for cleaning and inspection ; mixing 
is, of course, carried out with the lid closed. 
The single hollow spindle carries double- 
headed beaters, which, when the shaft is 
revolved at speeds varying from 150 to 600 
revolutions per minute, subject the material 
to an intensive kneading action. In ad- 
dition to this, a backward and forward 
oscillating motion is imparted to the mass, 
the latter being always a little greater than 
the former, so that the material is slowly 
carried forward, and the process thereby 
rendered continuous. This action is 
effected by the special manner in which the 

beaters are machined, and this can bo 
^ . 0 * 
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varied according to the class of material to 
be dealt with. Although primarily a con- 
tinuous machine, it may be used as a batch 
mixer. It lias found considerable applica- 
tion in the chocolate trade, and for the 
mixing of door polisli, and similar prepara- 
tions requiring emulsification. Its action is 
peculiarly intensive, owing to the high speed 
of revolution; in fact, the machine stands 
in an intermediate position between 
ordinary, low-sp(^ed mixers, and the high- 
speed, disintegrating mills pi'oducing par- 
ticles of colloidal dimensions and running 
at speeds up to 3000 revolutions per minute 
(see Chapter IV). The fifty-six cubic feet 
emulsifier runs at 300 to 500 revolutions 
per minuti^, and requii'cs from three to 
eight horse-power, accoi'ding to the 
consistency of material. 

Vertical shaft mixers are used to a very 
large extent, and take a great variety of 
forms. One of the commonest consists of a 
circular vessel with jiarallel, vertical sides 
and a hemispherical bottom; the vertical 
shaft is concentric with the vessel and 
carries blades or arms which may be quite 
short, or may reach almost to the extreme 
width of it, according to the purpose for 
which the machine is required. These arms 
are usually “ staggered ” or arranged 
spirally on the shaft and may be either 
single, ?>., each arm extending on one 
side of the shaft only, or double, ^.e., the 
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s}iaft passing* through the middle of the 
arm. The arms generall}?' take the form 
of blades which are twisted so as to lie in 
an oblique plane. The object of this is to 
give a vertical as well as rotary movement 
to the materials (see Fig. 15, p. 104). 

The blades are sometimes arranged as 
an open worm or spiral. This lifts the 
material to a point, from which it then falls 
back within the ring of the spiral and thus 
effects the required continual turning-over 
movement. These mixers are generally 
employed with semi-solid, pasty materials, 
creams and sus])ensions, and for mixing 
liquids. They are not, however, very 
efficient, since the action is mainly a rotary 
one, with the result that the mass is to a 
great extent merely revolved so that the 
layers of the different constituents remain 
more or less separate. To effect thorough 
mixing requii'cs a vertical motion as well, 
and to this end numerous types have been 
designed. A well-known and excellent 
example of this is the Geyser mixer made 
by Alfred R. Tattersall & Co., and illus- 
trated in Fig. 5. As will be seen, the 
vertical shaft carries a solid, tapering worm ; 
this acts as a conveyor, and lifts the material 
from each layer in proportion to the depth 
of the layer. In the cylindrical portion 
of the container the depth of each con- 
stituent will be in proportion to its per- 
centage by volume, and consequently as 
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the worm rotates it withdraws each con-.; 
stituent prdportionately and delivers it at 
the top. The material withdrawn is re- 
placed by gravity. Tims, if we put a 
material A in first, and add a material B, 
and rotate the worm, A and B will bo with- 
drawn from their respective layers in pro- 
portion to their volume percentages in the 
mass, and delivered in a more or less 
mixed condition on to the top, until the 
supplies of A and B are exhausted and 
replaced t)y the mixture x\ B ; fui ther action 
intensifies and finally completes the mixing. 

Owing to the worm being tapered, the 
largest diameter being at the top and the 
smallest at the bottom, each turn of the 
spiral lifts more material than the one 
below it, with the result that the mass is 
kept loose and open, so that the worm 
revolves freely, and with far less absorption 
of power than would be the case were the 
spirals of the same diameter. In fact, the 
worm can be said to carry up the material 
on its upper surface rather than to revolve 
in it. To overcome the friction of the 
material absorbs a considerable amount 
of power which is only wasted, and this 
ingenious but simple arrangement con- 
siderably reduces it. This mixer is of the 
batch type, and is fed at the top and dis- 
charged at the bottom. It is made in a 
number of sizes, varying from 2 feet 8 inches' . 
diameter by 9 feet 10 inches in height, to * 





+ xrjiiD UJ xruAJUNW J|flAUHlJN Ji:K Y , 49 

3 feet 3 inches diameter and 19 feet 6 inches 
in lieight, and with capacities ranging from 
5 cwt. to 20 tons. 

It is essentially a dry mixer and can 
be used for mixing dry powders of all 
descriptions, and granular materials such as 
poultry food and other feeding stuffs, flour 
and grain. 

As in the horizontal mixer, it is possible 
to use two mixing shafts to intensify the 
mixing and prevent rotation of the batch. 
The shafts may ])e set eccentrically, side 
by side in a circular container as in the 
Torrance patent mixer shown in Fig. 6. 
It will be noted that cacli agitator is com- 
posed of four steel blades which are twisted 
so that their sides are at light angles to 
their line of movement ; this causes greater 
resistance than if they were in the line of 
movement, and consequently the agitation 
is increased and rendered more effective, 
and rapid mixing brought about. The 
housing carrying the agitators can be lifted 
out to enable a full pan to be replaced by 
another, consequently delays caused through 
having to clean pans are largely eliminated. 
The pan also rotates, and by means of a 
simple mechanical device can be stopped 
whilst the agitators are still kept working 
ind the mix run out, thus maintaining 
nixing action to the last and assuring 
iniformity of product. 

Another Torrance machine is known as the 
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“ perfect ” mixer, and is similar to the above 
except that only one rotating agitator set 
eccentrically is provided. This rotates' 
in the opposite direction to the pan, thus 
doubling the relative speed which would 
prevail if the pan were stationary. The 
object of setting the agitator eccentrically 
is to return the material thrown out 
centrifugally, to the centre. 

These machines arc used to a great extent 
in the paint industry for mixing dry colours 
in oil, and thinning down paints, but may be 
used for practically all mixings of a similar 
nature. The “ patent ” mixer with two 
agitators has a capacity of 30 gallons; the 
pan rotates at about 27 revolutions per 
minute, and the agitators at 54. The 
“ perfect ” mixer, with single agitator, is 
smaller, having a capacity of 12 gallons; 
the pan rotates at about 45 revolutions per 
minute, and the agitator at 75. ■ 

A machine eminently suitable for mixing ; 
liquids with liquids or solids, is the Vortex 
mixer made by S. H. Johnson & Co., Ltd., of 
Stratford, This machine, an illustration of 
which is shown in Fig. 7, is designed to 
produce a powerful “ vortex ” in the fluid. 
As previously pointed out, the ordinary type 
of mixer with plain agitating arms is some- 
what slow and inefficient in action owing to 
the movement being mainly a rotatory one, 
with the result that the constituents tend 
to remain in layers. The shaft, A, rotates^ 
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' cblicentricaily in the circular container 
and carries at the bottom a centrifugal 
vane, B. As it rotates it throws the 
fluid out tangentially, imparting a rotary 
movement, thus causing it to take the 
spiral path shown by the dotted lines out- 
side the tube, C. Curved plates fitted at 
the top of the mixer catch the upper layer 
of rotating liquid and deflect it, and the 
combined streams descend through the 
central tube to feed the centrifugal vane at 
the bottom. The principle is similar to that 
of the Geyser mixer in that the different 
proportions of each constituent are drawn 
from each separate layer, the only difference 
being that the “ vortex ” mixer is designed 
to work on fluids and the “ geysei* ” on dry 
solids. The action is so powerful that large 
leaden shot placed in the machine with 
sufficient water to cover the central tube 
are carried to the top and circulated with 
the water. Tlie machine is, therefore, 
eminently suited for the extraction of such 
heavy materials as metallic ores, and the 
mixing of heavy pigments such as barytes. 
It may also be used for treating syrups 
and oils with decolorising carbon. 

Owing to the absence of baffles, the power 
consumed is relatively small, but will 
depend for any given size of mixer on the 
nature of the material to be dealt with. 
The “ vortex ” mixing gear can bo fitted 
to any suitable vessel which may be made 
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in cast iron, steel, or acid-resisting Iron, 
aluminium, and wood. Coils may be fitted 
for heating or cooling, and the vessel may 
be made air-tight, so that it may be emptied 
by compressed air like a montejus or an 
acid egg. 

The type of agitator described in Chapter 
11, p. 23, for mixing liquids mutually 
soluble works on the principle of the vortex, 
but, owing to the swirling movement being 
only slight, it is not so efficient as the 
“ vortex ” mixer just described. For 
mixing liquids in the processes of nitration 
and sulphonation, however, it is used to a 
considerable extent. 

The discharging of mixers may be carried 
out in a variety of ways, depending on the 
size of the machine and the consistency of 
the material. Small machines are most 
simply emptied by tipping them upon 
trunnions. This is most easily arranged 
with horizontal shafts, as the pan or con-' 
tainer can be made to turn about the 
same centre as the shaft. When mixers 
are arranged to work on fluids or on 
solids which flow readily loose, dry 
powders), the simplest method is to dis- 
charge by gravity through a cock or trap 
at the lowest point. This has the advantage ; 
that the mixing gear may be kept running 
whilst discharging, thus securing uniformity ^ 
of product. With a horizontal shaft and 
tipping container the movement of the 
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iEigiiator ^ay be employed to assist dis- 
charge. 

Compressed air may be used to discharge 
liquids by rendering the container air- 
tight and arranging the discharge pipe to 
reach the bottom or preferably to dip into 
a shallow well, so that complete discharge 
may be effected after the manner of a 
montejus. (See description of the “ vortex ” 
mixer.) 

Continuous discharge in continuous 
• mixers is usually effected by means of an 
open trap in the bottom of the container at 
the end opposite to the feed end. The 
agitating gear also acts as a conveyor 
and forces the material out. 

More individual examples of mixeis will 
be given when dealing with mixing in various 
industries, but the above describes the main 
types, and serves to show the principles 
upon which mixing is based. 



" CHAPTEli IV 

INTENSIVE MIXING 

Intensive mixing, as the name implies, 
involves the mixing of materials to a degree 
of intimacy unattainable with the usual 
types of mixing machinery. It is a process 
comparatively new to chemical engineering, 
having only been introduced during the last 
few years, but already bids fair to revolu- 
tionise certain industries. The process is 
at present only applicable to wet mixing, 
and involves the comminution of particles, 
either of solid or liquid, to colloidal dimen- 
sions, so that they remain permanently; 
suspended in the continuous liquid phase, 
by virtue of their enormous surface/mass 
ratio, and the Bi’ownian movement charac- 
teristic of colloidal particles. 

It is possible to reduce solids to this fine 
state of division in the dry state, and mix 
them with the liquid afterwards, but the 
usual practice is to effect grinding and 
mixing in the same machine. Owing to the 
” first principle laid down in Chapter I (reduc- 
ing the particles to as fine a state of division 
as possible) being practically fully satisfied, 
such mixes approach the ideal of homogene- 
" ity to a much greater extent than any 
other. The principle upon which such fine 
reduction is based consists in subjecting th^: 
material which, if a solid, has already beefi 
reduced in an ordinary grinding mill to a; 
fine state of division, to a powerful shearing. 

fifi 
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; 'Stress between two surfaces set very close 
I together and moving at a relatively high 
speed, or to a high speed beating action. 
By this means the particles, whether liquid 
or solid, are torn asunder and reduced, to. 
colloidal or semi-colloidal dimensions. This 
process enables materials to be ground and 
mixed in a few minutes, which, with the 
ordinary type of grinding and mixing 
machinery, would take many hours, or even 
days in some cases. 

In addition to the shearing action between 
surfaces set very close together, there may 
be a powerful beating or disintegrating 
action by means of beaters mounted upon a 
rotor revolving at high speed. Such a com- 
bined beating and shearing action produces 
an extremely hne disintegrating and mixing 
action, it being possible thereby to produce 
80% of particles having a diameter of less 
than O'lfx (IjW, = 1/1000 mm.). 

The only machine which embodies both 
these *principles, and perhaps the best 
known, is Plauson’s colloid mill, invented 
by Dr. Hermann Plauson, of Hamburg, and 
now being made in this country by Messrs. 
Mather and Platt, Ltd. It consists of a 
short, cylindrical casing as illustrated in 
Fig. 8, which is jacketed for heating and ; 
booling. This carries, mounted eccentric- ; 
klly in its lower portion, a shaft. A, carrying . 
eight beaters, B. Interposed between these 
beaters are fixed members or anvils, as they 
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are termed; two series of these are fitted, 
one series, C, being fixed to the bottom of 
the casing and projecting upwards, and the 
other series, I), being fixed to the baffle 
plates, E. The clearance between the 


ii’ 



beaters and the anvils is 1-2*5 mni. The 
materials are fed to the machine through 
the funnel, F. The shaft rotates at 3000 
revolutions per minute and upwards, and 
the tips of the beaters move at 9400 feet> 
per minute and upwards; the number of 
impacts on the material is approximately; 
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168,000 per minute. It will bo readily 
understood that mixing under such con- 
ditions is extremely intimate. The exact 
modus operandi of the grinding action is 
not fully understood, as the clearance 
between beaters and anvils is by no means 
so fine as in mills which work entirely on the 
film principle. 

The baffle plates, E, enclose a portion of 
the beater track, but do not extend to the 
lower portion of this, so that ample space is 
left for free contact with the material. 
The object of these baffles is to reduce the 
eddy currents formed which absorb power 
uselessly; by their means it is claimed that 
25% of power is saved. 

It will be readily understood that, with 
the high speeds involved, it is necessary to 
employ only first-grade materials in con- 
struction. The body is made of high-grade, 
close-grained cast iron, specially treated to 
withstand corrosion. The beaters are of 
high-grade steel, securely keyed on to the 
shaft, which is of forged steel. The rotor is 
accurately balanced to eliminate vibration at 
high speeds ; it is carried on two sets of roller 
bearings mounted outsido the mill with the 
driving pulley between. In order to prevent 
escape of material at the point where the 
shaft enters the casing, centrifugal throwing 
discs are provided in conjunction with a. 
gland and stuffing-box. The shaft does not 
penetrate the other end of the casing, which 
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is bolted on, but may be readily withdrawn 
without lifting off by simply sliding upon a 
pair of rails, thus giving access to the interior 
of the mill for inspection and cleaning. A 
glass gauge is also fixed to the end plate in 
order to observe tlie height of fluid in the 
mill. 

The machine may be used as a batch or 
continuous mixer. The output will vary 
enormously, according to the nature of the 
substances under treatment; most emul- 
sions can be produced with a single flow- 
through operation, at a rate of 2 tons per, 
hour. Solids will take longer, and in the 
case of colloidal sulphur the output would be 
from 220 lbs. to 440 lbs. per hour, according 
to feed. Power required varies from 8 h.p. , 
for emulsions to 10 to 15 h.p. for pigments! 
in oil and water. In the case of very heavy, 
substances such as barytes, 20 h.p. is"^ 
required. 

Mills which effect disintegration and , 
mixing solely by shearing action between' 
surfaces are many. A well-known example 
of this type is the Premier mill,i handled in 
this country by Messrs. Burt, Boulton, and 
Hajrwood, of Silvertown, and illustrated in . 
Fig. 9, This consists of a casing in which a j 
rotor, R, shaped like a truncated cone,! 
revolves in close proximity to a similarly ^ 

1 “ The Premier and other Disintegrating Mills : 
and their Applications in Industry,” by F. J, E.^,: 
China. 'M 
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shaped surface, C8. These two members 
must on no account touch, but may be set 
with a clearance varying between three- 
thousandths and two- or three-hundredths of 
an inch (according to the material being dealt 
with), by means of a micrometer head, MH. 
The materials, liquids, or liquids with solids 
in suspension, arc fed in through the opening 
I, and are compelled to pass between the 
fixed and rotating surfaces. At the high 
speed (1000 to 5000 revolutions })cr minute), 
the materials are completely disintegrated 
by the powerful hydraulic forces brought 
into being. Very little head of liquid is 
required to feed the mill, owing totlie centri- 
fugal action of the rotor drawing it through. 
The mixed material leaves by the opening 0. 

The rotor, of high-grade steel, is machined 
perfectly smooth, and accurately balanced. 
The angle of the cone is usually 45°, but 
may be made smaller or larger to suit special 
circumstances. The standard 15-inch mill 
requires 25 h.p., and rotates at 3500 revolu- 
tions per minute. The output varies accord- 
ing to the viscosity and other properties of 
the materials being dealt with, being 25/35 
gallons per hour for viscous materials such 
as enamels, up to 1000 gallons per hour for 
^water emulsions. 

; . Another type of machine depending upon 
the shearing forces between fixed and 
moving surfaces is the Hurrell homogeniser, 
invehted and made by G. 0. Hurrell at the 
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Sun Lane Engineering Works, Blaoklieath, 
Writing in the Chemical Age of April 26t}i, 
1924, G. G Hurrell describes two types 
working on the above principle. 

(a) Those in which the liquid is propelled 
tlirough the gap by the centrifugal 
foi'ces acting ii])on the material 
forming the him. In these the sur- 
faces are in the form of discs, or 
truncated cones diverging from the 
ingress end as in the case of the 
Premier mill. 

{b) Those in which tlie surfaces confining 
the him are so sha])ed that the him 
does not tend to evacuate the space 
by its own inertia, or in which it even 
tends to work back into the feed space. 

The Hurrell homogeniser is of the second' 
type, and is illustrated in Fig. 10. The 
rotor, B, contains radial ducts, F. Liquid 
fed in through 1) enters these ducts and is*! 
driven outwards by centrifugal force, and 
enters the him gap, G, between the casing 
and the rotor. The solid portions of the. 
rotor between the ducts act as impellers, 
and thus cause the liquid to exert pressure 
at the outer end of the him gaps. This 
pressure, and consequently the rate of how 
through the machine, will depend upon t}i^'^ 
rate of feed. ’ "v ::)5 

The advantage of this system lies in the; 
fact that it is thus possible to vary^ ttej 
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treatmoht according to the class of material 
hy simply varying the feed. A material 
that requires much work to be done upon 
,it is fed in slowly, and one that requires 
less, more rapidly. 

■ With machines of type (a) the material 
being fed in at or near the axis of rotation, 
the film of material is probably here a solid 
stream, but as it moves outwards where 
linear speed and area are greater it tends 
to break up and form voids between the 
masses, and mixing is consequently not so 
effective. 

The Hurrell homogeniscr has a further 
advantage in that, as the liquid escapes 
upon both sides of the rotor, the hydrostatic 
forces are exactly balanced longitudinally, 
and consequently there is no end-thrust on 
the bearings. This type is suitable for con- 
tinuous work on the same class of material. , 
For dealing with different classes of material 
the same firm make a machine with slightly 
tapered rotor; this taper is not sufficient 
for the film to be affected by centrifugal 
^ibrce, but sufficient to enable the thickness 
of the film to be varied according to the 
nature of the material being dealt with. 

;; The homogeniser rotates at speeds vary- 
ing from 3000 up to 8000 revolutions per 
Uainute, the latter with a 20-inch rotor giving 
^ linear speed of 40,000 feet per minute. 
;^e film gap is two-thousandths of an inch 
in the standard machine, but with the 
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adjustable rotor t&is may be varied frorri 
one-thousandth upwards. 

A machine invented by W. Ostermann, of 
Oscherslcben,! has a horizontal conical rotor 
set at an acute angle. Both rotor and stator 
are provided with straight or helical grooves 
to increase skin friction. Helical blades are 
provided at the feed and discharge ends to 
force in and withdraw the liquid. In addi- 
tion, a nozzle is fitted into the discharge pipe 
whereby hot, compressed air may be injected 
into the exit stream which there l)y becomes 
atomised, and the mixture, striking against 
a baffle in a receiving chamber, falls dowii 
into the latter as a fine dry powder. This 
machine is interesting in that a dry mixture 
is produced. Plauson has also invented a 
dry grinding mill which could be used to 
produce dry mixtures of colloidal character ; 
in this case, however, no liquid dispersion 
medium .is employed. 

Another type of mill employs two discs 
set in close proximity to one another and 
each rotated in the opposite direction. The 
advantage of this arrangement is that the, 
speed of rotation need only be half that; 
required in a machine with one fixed and. 
one moving surface. One example of thisS 
is a machine with vertical shafts by H* O.J 
Traun’s Forschungs-laboratorium G.m.B.H.^; 
of Hamburg. The material is fed through ' 


^ International Patent Specification 216110. 
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' the ui)per shaft (made hollow for the pur- 
pose), and discharged at the periphery of 
< the discs. 

Another is the super-mixer made by the 
Low Engineering Co. Type A of this 
machine consists of a pair of adjacent discs 
mounted on shafts in line, the whole being 
encased. The discs are made slightly coni- 
cal, the concave faces facing one another; 
upon these faces are mounted rings of pro- 
jections, and these rings register alternately 
with those on the opposite disc. At the 
peripheries of tlie discs the projections are 
in the form of complete rings, the clearances 
being extremely narrow. 

: There is a hollow space, triangular in 

section, at the centre of the discs, into which 
the liquid is fed from both sides and whence 
it is thrown outward by centrifugal force, 
and, passing between the discs, is subjected 
to a continuous beating and shearing action 
by the projections and rings; a micrometer 
adjustment is j)rovided for varying the film 
gap. 

The discs are driven in opposite directions 
by means of pulleys mounted on each side 
; of the casing. The machine is capable of 
treating from 30 to 100 gallons per hour, 
according to the viscosity of the liquid, 
using a motor of 10 h.p. The discs revolve 
‘ at a relative sj)eed of 6000 r.p.m. 

' Type C is a small, hand-operated machine 
■• containing three separate rotors. The 
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largest is hollow, concentric with the rising 
and provided with internally projecting 
teeth, and carries a boss provided with 
teeth projecting outwards. Both these sets 
of teeth register with those upon two rotors 
mounted eccentrically, and are driven by 
gearing in the opposite direction to the 
large rotor at a speed rather more than 
three times as great. 

The action of this machine is of a boating 
rather than a shearing character, and is 
similar to the Plauson mill in this respect, 
the difference lying in the fact that both 
beaters and anvils are moving in opposite 
directions, thus increasing their relative 
speeds. 

As an emulsifier and intensive mixer for 
laboratory and domestic ' purposes, this 
machine is very useful indeed. 

Messrs. J. Harrison Carter, Ltd., of 
Dunstable, have recently brought out a 
similar type of machine to the type A, with 
fixed and rotating rings; both these are 
provided with concentric grooves, which 
•mesh with one another; in addition, each 
ring has a number of grooves tangential to 
its inner circumference which intersect the 
concentric grooves. The material is fed into , 
the interior of the rings, whence it is whirled^ 
outwards by centrifugal force and disin-,] 
tegrated between them; the tangential: 
grooves tend to bring the material back and';^ 
to counteract the centrifugal force, throwingj 



miAlJNU ' ; 71 

it outward. The discs may be set from one- 
thousandth to a few hun^edths of lin inch 
, apart. It is claimed that this arrangement 
reduces the material to a finer degree than 
plain discs or rings. 

Uses of Intensive Mills. — The uses of 
these mills are extremely numerous; in 
fact, there seems to be no end to their 
applications. Confining attention more 
especially to their use as mixers, we may 
mention the following. 

Rubber Mixing. — It is essential in the 
preparation of rubber mixes to get them as 
homogeneous as possible. To this end the 
added compounds, sulphur, lime, zinc oxide, 
and fillers, such as carbon black, French 
chalk, must be in extremely finely-divided 
form. 

Intensive grinding and mixing for this 
purpose can be more efficiently carried out 
in mills of the above character than by any 
other means. 

Colloidal Fuel. — Suspensions of coal in 
fuel oil for feeding oil burners and for all 
purposes in which fuel oil can be used, can 
readily be produced. Also emulsions of 
petrol and water for internal combustion 
engines. An emulsion of this character 
containing 70% of petrol has been used 
"successfully. 

l': Lubricants. — Emulsions of oil in water, 
;^d suspensions of graphite and talcum 
•powder in oil, may be made. 
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Creosote Emulsions. — The advantage of 
these preparations lies in the ability to use 
a much smaller percentage of creosote 
for preserving timber. When using neat 
creosote, in order that the preservative may 
penetrate to all parts liable to become 
exposed by cj'acks or otherwise, in sufficient 
concentration to be effective, the outer 
layers have to be over-impregnated. A 
creosote emulsion is just as etfective, using 
a fraction of the quantity of creosote 
required for the same depth of penetration. 
Emulsions containing 30 to 50 of creosote 
may be used, and are so stable that they may 
be boiled or frozen without breaking down 
owing to aggregation of particles. 

Pharmaceutical Products. — Such prepara- 
tions as face creams, and the so-called liquid 
face powders, hair creams, disinfectant 
emulsions, emulsions of essential oils for 
perfumes, may all be quickly prepared, 
The Low Engineering (brnpany Type C 
hand-operated mixer is very useful for this 
purpose, enabling retail druggists to make 
up their own preparations. 

Foodstuffs. — Milk powder may quickly 
be ground up and mixed with water to the 
consistency of ordinary milk. Meat may be 
extracted in the cold for the preparation' 
of meat extracts, and fruits may be rendered 
fluid. Flavouring essences may be pre-i , 
pared by emulsifying suitable essential oils!^ 
in water. In addition to emulsifying and ' 
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actually sterilise the preparation, owing to 
the fact that the bulk of the particles is 
reduced to a size less than 0*5jW., with the 
result that any organisms larger* than this 
are broken up and destroyed. As practic- 
ally all known organisms are larger than 
this,^ sterilisation is effected, an important 
point in connection with articles for human 
consumption. 

Other Uses, — The manufacture of viscose 
for artificial silk involves the treatment of 
cellulose with caustic soda. In the usual 
method, considerable excess of the latter 
has to be used, but so intimate is the mixing 
effected by certain types of colloid mill, that 
the theoretical quantity is sufficient. In a 
similar manner, tar acids may be extracted 
from tar oils far more rapidly than by the 
ordinary processes, owing to the extreme, 
intimacy of mixing. 

Many pigments of a soft nature may be 
ground and mixed with oil in the preparation 
of enamels or printing inks, and a smooth, 
even mixture obtained without the wear and 
tear which usually characterises ordinary 
grinding and mixing machines for this 
purpose. 

> , Many dyestuffs, which in the ordinary way 
;ate extremely difficult to mix with water, 
may easily be made up into permanent fine 

iy ^ Average bacilli arc 3 to G/a in length and 0-5 tt> 
Ija in diameter {Ifi — 0-001 mm.). 
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suspensions, and ifiorganic pigments. WaJj 
in some cases be obtained in suspension 
sufficiently fine to be used in the dye-bath, 
It should be explained that, in most 
cases, in order to ensure permanency oi 
suspensions or emulsions prepared in col- 
loid mills, it is necessary to add a small 
percentage (usually under 1%) of a stabil- 
iser which is itself a colloid. Examples are, 
such substances as gum, gelatine and soap; 
their function is, however, solely to stabilise 
the preparation, and they play no part in 
obtaining it, so do not lie within the scope 
of this book. Numerous other uses of 
colloid mills might be given, but as this 
subject is already being dealt with in 
another book of this series, there is no 
occasion to go farther. The subject, from 
the point of view of mixing, however, is 
important and interesting, and it is for 
these reasons that this chapter has been 
included. > , 
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rMIXlNa IN THE CEMENT AND BUILDING 
INDUSTRIES 

The manufacture of cement involves the 
calcination of a mixture of argillaceous and 
calcareous materials, e.g,, clay and chalk, 
shale and limestone. The mixture is burnt 
to clinker in kilns of rotary or other type. 
As it is not actually fused, but merely sin- 
tered, complete chemical reaction between 
the constituents can only be brought about 
by the most intimate mixing. The ideal 
method of making cement would involve 
the actual fusion of a mix containing 
approximately 70% of lime, in a kiln of 
the blast-furnace pattern. 8uch a process 
is quite sound and practical from a scien- 
tific point of view, but owing to the high 
temperature (over 1700° C.) required for 
the fusion it is not economically sound. ^ 
If it were, however, the question of mixing 
would not be of nearly so great an im- 
portance. A comparatively rough mix of 
the, constituents in the right proportions 
which, on descending into the fusion zone, 
would quickly react together in the liquid 
estate, would give a perfect cement. As this 
.process is not at present practicable, how- 
ever, it is essential to mix the raw materials 
as intimately as possible, so that, at the " 
f<?linkering temperature (1200° C.), reaction ' 

> See “Cement,” by Bertram Blount, Longmans, 
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will go to completion, there will be fid 
portion of either constituent left over, and 
a cement which does not require ageing or 
slaking and can be filled straight into bags 
from the grinding plant may result. 

There arc two processes in vogue for 
mixing the raw materials — namely, wet and 
dry. According to the piinciples enun- 
ciated in Chapter T, this involves fine 
grinding, and as both raw materials are in 
the case of chalk and clay of approximately 
the same degree of hardness we find that, 
to a great extent, grinding and mixing are 
effected in the same machine. 

Wet Process.— Owing to the extreme in- 
timacy of mixing possible with this pro- 
cess, it is, in general, the most preferred. 
The raw materials, as brought from the 
quarries, are weighed out and dumped into 
a type of mixer known as a wash-mill. 
This consists of a large circular pit lined 
with concrete or brick, and containing in 
the centre a massive pillar of similar 
material; a sort of annular ])it or moat is 
thereby jiroduced. The pillar serves to 
support a vertical shaft carrying horizontal . 
arms from which rakes or harrows are ; 
suspended by means of chains. The verti-^ i 
cal shaft is made to revolve at from 20 ^ 
to 30 revolutions per minute by means of '^ 
crown and bevel gearing. The mill is filled ? 
with water up to a point, the agitator sett 
in motion and the raw materials are dumped 
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in. ’The rakes, swinging round, strike and 
disintegrate the lumps of materia], but not 
being rigidly fixed and merely depending 
from the arms, they are not damaged by 
contact with any lumps of material too 
hard to disintegrate; such lumps drop to 
the bottom and in time accumulate. For 
this reason provision is often made for 
raising the harrows so as to clear accumu- 
lated debris^ until this becomes so great 
as to materially reduce the capacity of the 
mill, when it is cleaned out. A thick, 
slurry of aj)proximately correct composition 
is thereby obtained. The principle is not 
unlike that of a levigating mill for pre- 
paring fine pigments. The ordinary type of 
wash-mill usually has four arms carried on 
the central shaft, and may have a capacity 
of 50 tons of raw material per hour. 

Wash-mills are usually of the batch mix- 
ing type, and the batch, when thoroughly 
mixed, is run out through screens, which 
stop any coarse material, to dosage tanks. 
In these, any inaccuracy of composition is 
corrected by the addition of the appropriate 
quantity of either raw material. This is 
a large tank similar to the wash-mill, but 
sometimes oval in shape, and contains one 
or more agitators to keep the slurry uni- 
form and prevent settling. These agitators 
are similar to the wash-mill agitator, but 
as there are no lumps to break up here, 
the-^akes are rigidly fixed to the arms 
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instead of hanging by chains. An efeVa- 
tion of a wash-mill is shown in Fig. 11, 
From the dosage tank the slurry is passed 
to the storage tanks, also containing agi- 
tators of similar pattern to prevent settling. 

Sometimes the slurry is pumped from 
the wash-mill to a centrifugal separator 
lined with wire netting and known as a 



Fio. 11 . — Cemknt Wash Mill. 
Adapted from Blount’s “Cement.” 


“ trix,” whereby the coarse material is 
retained and returned to the wash-mill. 
From thence the slurry, now fairly fine,' 
but still not sufficiently so, passes to a tube 
mill, where it is wet ground and more ; 
intimately mixed. It is now ready for 
storage and for the kilns. 
t The extrejne importance of intimate ; 
mixing in the manufacture of cement soj 
great that the saying has arisen that^j^ 
“ cement is made in the wash-mill.’^ Al-S 
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though the actual formation of cement 
takes place in the kiln, yet unless the pre- 
liminary preparation of the raw material 
by mixing is properly carried out, no 
amount of care in burning will produce a 
satisfactory product. 

The afore-mentioned process is for mixing 
soft materials such as clay and chalk, and 
is the system employed at the Portland 
Cement Works, on the banks of the Thames, 
where the raw materials are mud from the 
river bottom and chalk from the quames 
along the banks. Tn dealing with hard 
materials such as shale and limestone, 
these must previously be crushed and 
ground, as the harrows of the wash-mill 
would have but little effect on them. This 
is effected in a series of machines starting 
with preliminary breakers, through pre- 
liminary grinders, such as crushing rolls, 
to fine grinders of the ball and tube mill 
variety. When the wet process is in use, 
the fine material is fed to a mixer of the 
wash-mill type, where slurry containing 
about 40% of water is produced. 

, The wet process has the following advan- 
tages. More intimate mixing is possible 
in a liquid medium and a slurry produced 
.which can be handled by pumping or 
giravity, and readily fed to the kilns. Less 
Ipower is also absorbed in wet mixing. The 
disadviintage lies in the extra fuel required 
foT driving off the 40% of water. Generally 
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speaking, however, the wet process is com- 
moner than the dry, and is preferred for 
soft materials. 

']’'he dry process is usually employed for 
hard materials such as limestone and shale. 
In order to incorporate them properly, it 
is essential that they should be thoroughly 
dried before mixing. The limestone as 
quarried is fairly dry, but the shale varies 
considerably in its content of water ; both, 
however, are put se})arately through a 
dryer usually of the rotary type and then 
crushed to approximately 1-inch cubes. 
The correct proportions are then roughly 
blended in a simple revolvifig cylinder ; a 
tube mill without the balls, or in which 
arms have been substituted, may be em- 
ployed. This mixing is very rough, owing 
to the large size of the pieces; it is com- 
pleted in the grinding mills, which may be 
any of the usual types. The ball and 
tube mill installation has the advantage 
that owing to its large capacity any errors 
in composition are corrected by “ evening 
out ” of the materials. The ball mill as 
used is sometimes a rnodihed type known 
as a “ Kominor.” It acts as a batch mixer 
as well as a grinder, as the plates are solid: 
and not provided with holes, which tend, 
in time, to close up owing to the continual ! 
hammering action of the balls. The ma-; 
terial is finished in a tube mill, which com* ; 
pletes the grinding and acts as a continuous^ 
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; mixer, the mix, ready for the kiln, being 
V delivered through the hollow discharge 
, trunnion (see Chapter III). The material 
' must be quite dry before being fed to the 
grinding plant, especially if this be of the 
above type, as otherwise clogging will take 
place, the balls tending to ])ecome coated 
with the ground material. 

Various other types of grinding mills are 
used, such as mills of the ring-roll type, 
giant griffin, etc., but for details of these 
the reader is referred to works on grinding. 
The above have only liecn referred to on 
account of their function as mixers. 

The dry process, although saving the fuel 
used in drying the mix in the kiln, is not so 
common as the wet, on account of the 
difficulty of properly mixing the materials. 
Against this saving must also be put the 
extra cost of grinding and mixing the 
materials. The importance of proper mix- 
ing of the raw materials cannot be over- 
emphasised if a satisfactory product is to 
be obtained. 

Concrete. — The mixing of concrete natur- 
ally follow^s that of cement. This process 
involves the mixing of the ground cement 
; clinker with some kind of aggregate such 
:.as sand for smooth surfaces like floors, 

^. coarser materials such as granite, limestone 
j and brick rubble for foundations and struc- 
; tures. Small quantities are often mixed by 
^hwd, but for satisfactory work a mixer is 
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better. To obtain a perfect concrete every 
particle of aggregate must be evenly coated 
with cement, and simple mixing by hand 
does not effect this properly. A properly 
made concrete mix should contain sufficient 
water to make it flow like cream ; in addi- 
tion, all air should be driven out, so that, 
on setting, a dense, hard body is produced. 
The mixer must therefore l)e designed with 
these objects in view. 

A simple type suitable for hand operation 
consists of a hollow drum fixed in an inclined 
position for mixing, but capal)le of being 
tipped for the purpose of emptying. Some- 
times, in order to increase the capacity, the 
drum is made in the form of the frustum of 
a cone, the smaller open end being upper- 
most. A series of shelves is fixed all round 
the inside ; ^ these shelves pick up the 
materials and carry them round until 
the former are sufficiently high to cause 
the material picked up to fall back into the 
trough. The materials are thereby con-' 
tinually turned over until they become 
intimately mixed. 

An example of this type is the London 
Gem concrete mixer made by the London 
Concrete Machine Co., Ltd., of London 
(Canada), and handled in this country by.^ 

‘ Messrs. George Waller and Son, Ltd. ItJ] 
may be worked by hand or power, and; 

7 ^ These shelves are frequently arranged in heii^-'j 

; .coidal fashion to increase their effective length, ,,, . 
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( complete portable units with small (IJ 
ih.p.) petrol engines are made. The 
capacity is about 2| cubic feet of mixed 
concrete and the output about 20 cubic 
■yards per day. 

Another type of concrete mixer is the 
chain-spade type. This is a horizontal 
shaft mixer. The shaft, which is square in 
section, has arms bolted to it carrying at 
their extremities spades which dig up and 
turn over the materials. In addition, the 
ends of adjacent arms arc. joined by short 
lengths of chains which sweep the bottom 
of the container and keep it clean. The 
latter is made semi-circular in section and 
is provided with tipping gear for emptying. 
The batch is in full view during mixing, so 
that water may be added gradually until 
the whole mass is suitably tempered. 

Examples of these mixers are the 
“ London ” chain spade mixer, made by 
the above firm, and the “ Winget.” A 
hopper may be provided above the con- 
;tainer with a sliding door for feeding the 
materials. Instead of spades the ends of 
,the arms may be sharpened to a kind of 
^blunt knife-blade which acts in a similar 
manner. 

These mixers have a capacity of from 
7 cubic feet and require from 4 to 

h.p. They are particularly suitable for 
^mixing semi-wet concrete for the manu- 
Vfecture of concrete shapes such as blocks 
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and tiles. A smaller {proportion of water 
must be used for this purpose than for 
ordinary concrete in order that the shapes 
may not deform under their own weight 
before setting. Owing to its stiffness, such 
a mix cannot as a rule be made in the 
ordinary type of mixer. The chain-spade 
type gives a i)owerful, positive action and 
is thus eminently suited for this purpose. 

This type may also be used for mixing 
mortar in [)lace of the usual ])an mill with 
one or two rollers (see Chapter III). It is 
also suitable for mixing wall ])laster gind 
hair mortar. 

A third type, also made by the London 
Concrete jVlacliinory Co., is a drum mixer. 
The drum revolves on a hoilzontal axis, 
upon bearing wheels, being driven by means 
of an external toothed ring. A vertical 
section of the drum is shown in Fig. 12. 
It is closed at both ends save for a slight 
hole, A, through which observation may 
be made of the progress of the mixing. It 
is provided at the other end with a com- 
bined feed and discharge chute, B, which 
remains stationary during mixing. It isf 
shown in the diagram in the charging 
position, the discharge position being indi- 
cated by the dotted lines. 

The action is as follows : — v. 

The feed chute is set in the charging ; 
position, the materials are placed in thej 
hopper, and on lifting the door the whQl^l 
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'/batch (Jrdps into the It is caught 

by the buckets, C, as the drum rotates 
and carried to the top, whence it is spilled 
downwards upon the convex side of the 
chute,' which can be reversed for this pur- 
pose. This action spreads the material and 



, forces all the air out of it ; in addition, it 
spreads it in the reverse direction to the 
action of the blades, D. These blades slice 
the material, and the part which is caught 
by them slips down into the buckets, to 
be again carried up to the top and spilled 
upon the reversed chute again, 
i The combined rolling, spilling, spraying 
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and slicing actions effect an extremely 
thorough mixing in a few minutes. Dis- 
charge is effected by moving the chute to 
the position indicated by the dotted lines, 
when the material dropped from the buckets 
falls into it and slides out. 

This is a highly efficient mixer and pro- 
duces a dense, homogeneous mix free from 
air pockets, in which cveiy particle of 
aggregate is coated with cement. The 
drum is self-cleaning, as the force with 
which the materials are tossed about effects 
a scouring action upon the internal surfaces, 
thereby keeping them smooth and polished. 
Practically all concrete mixers are of the 
batch type, continuous mixing not finding 
favour with engineers in this country. 
This is probably due to tlm difficulty of 
accurately measuring the different varieties 
of aggregate, varying from sharp sand to 
coarse stone. 

Tar Macadam. — Tar macaflam and con- 
crete arc materials not dissimilar, and so, 
for the sake of completeness, a few details 
are here included, although strictly it 
cannot be classed as a chemical industry. 
As is well known, it is produced by mixing 
a suitable aggregate, such as granite or other 
stone, with tar or bitumen in a molten con- 
dition. The latter, on cooling, sets, and binds 
the whole into a mass. As with concrete, it 
is important to coat every particle of the 
aggregate with the binder. In order to 
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ensure a thoroughly hard mass, the aggre- 
gate must be suitably graded into coarse, 
medium or fine material, the whole being 
cemented together with just sufficient tar 
to fill the voids and no more. By suitable 
grading these voids are reduced to a mini- 
mum, the medium material filling those 
between the coarse mateiial, and tlie fine 
those between the medium. The tar com- 
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pletes the filling. Intimate mixing is, 
therefore, necessary to obtain a satisfactory 
result. 

Fig. 13 shows a suitable mixer in longi- 
tudinal and cross section made by Thomas 
C. Fawcett, Ltd. It is of the double shaft, 
horizontal type. The shafts revolve in 
opposite directions, as shown by the arrows ; 
they carry arms to which are bolted steel 
paddle plates, A. The aggregate, granite, 
slag or other material, is dropped in after 
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having been dried and heated in a suitable 
heater, and the hot tar added by means of 
a pipe mounted over the mixer. The 
material is raised in the centre by the 
paddle plates, turned over and dropped 
into the container, to be again lifted, and 
kneaded in su(;h a way as to produce a 
thorough mixing of the constituents. l)is- 
chai'go is ejected through the door, B, 
which, being the full width of the container, 
allows the whole bat(di to drop out into a 
wagon placed beneath. This is facilitated 
by the ])addles, vvhi(*h, owing to their 
direction of rotation, sweep the material 
towards the opening and lift it up over 
the same. I'he chief wearing parts, namely, 
the paddle blades, can be quicdvly renewefl 
without disturbing the shafts. 

Those mixers are mad(^ in sizes varying 
from 5 to 27 cubic feet, ?.e., about .‘10 to 
200 tons per day, and re(|uire from 5 to 
20 h.]). 

(bnciete and tar macadam mixing lie 
somewhat outside the scoj)o of this book, 
but have been included as interesting 
examples of mixing, and as a complement 
to the subject of cement. 



CHAPTER VT 

m'ixing in the ceramic industry 

The cerainic industry, including as it 
does the manufacture of bricks, especially 
fireclay, silica and other lufractories, stone- 
ware, glass, china and ])orcelain, is an 
extremely important and wide one. Al- 
though not strictly a chemical industry, 
yet chemistry enters into it to such an 
extent as to fully justify its inclusion here. 
Numerous and peculiar pj-oblems of mixing 
present themselves, but it will only be 
possible to deal with a few of them here. 

Fireclay Products.— The manufactin*e of 
fireclay bricks and })locks involves the 
mixing and blending of the ground clay, 
usually with tlie addition of a percentage of 
calcined material, or “ grog,'’ as it is termed, 
which may amount to as much as (>0%. 
This grog is added to reduce shrinkage of 
the blocks in fii'ing, to give increased 
porosity and hence great (u* resistance to 
sudden changes of tem[)erature, and to 
reinforce the material in the same way as 
cement is reinforced with an aggregate in 
making concrete. For the last-named pur- 
pose the grog must not be too fine, and in 
order to be effective it must be evenly 
distributed throughout the mass. 

Mixing is usually effect ed in large pan 
mills, which, when used as continuous 
mixers, have an output up to 8 tons per 
hour of ground and mixed material; for 
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this purpose, the pan bottoms are ' per- 
forated with holes, usually rectangular, as 
described in Chapter HI. The materials, 
raw clay and grog, are added, the quantity 
usually being very roughly gauged by 
barrow-loads. The raw clay may be thrown 
in as large lum})s, as, being a soft material, 
it is quickly crushed by tJie rolls. The 
grog is usually broken to start with in 
stone-breakers of the swinging-jaw or 
rotary pattern, down to pieces the size 
of the fist. Continuous mixing in per- 
forated pans is effected in the dry state 
and the dry mix falls through the boles in 
the pan down into the boot of an elevator 
below, whence it is elevated and distributed 
over screens usually not finer than 4 meshes 
to the linear inch, and often coarser, say 
a I -inch mesh, or coarser still for some 
types of goods. The tailings are returned 
to the pan for further grinding. Screens 
with round holes in place of wire mesh are 
sometimes used on account of their greater 
strength and durability, but are not so 
efficient. The screened material has now 
to be wetted in order to render it plastic. 
This is by no means so simple a matter as 
might at first be su]>posed. The material 
carried by a band conveyor is sprinkled 
with water by means of a perforated pipe 
fixed over the band. The raw clay absorbs 
a considerable quantity of water and the 
damp mix is finally discharged into a deep 
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bin *to “age.” This ageing process is 
extremely important, as, if not properly 
carried out, the mix will not be evenly 
plastic, but short and “ rawcey ” in places, 
and tend to stick in the pug mill. 

The period of ageing varies from two or 
three days up to six months, according to 
the character of the mix. Materials con- 
taining little or no grog, such as stoneware 
clays and the like, are often aged for long 
periods, in some cases even for years. ^ 
Heavily grogged or highly siliceous materials 
such as the argillaceous sands of the High 
Peak district of Deihyshire, require only 
a few days’ ageing, owing to the small 
proportion of clay they contain. This 
ageing or soaking process is maintained 
because it is really an automatic mixing 
which takes ])lace slowly throughout the 
mass. Its exact nature is not known, but 
the water probably percolates throughout 
the mass by capillary action and so becomes 
more evenly disseminated. It is sometimes 
thought that bacterial action plays a part, 
and for this reason clays arc sometimes 
aged in the dark. The julncipal process, 
however, and the one which renders the 
clay easy to work, is simply soaking. 

The ideal to be aimed at, although hardly 

^ The clay used for making pottery in China in 
olden days is said to have been aged for 100 years ! 
This seems amazing, but is not improbable, time 
being no factor among Oriental peoples. 
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attained, is to coat every particle of material 
with a film of water. This may be hastened 
by wet mixing in a mixer, preferably of the 
horizontal shaft type. Fawcett’s double- 
shafted clay-mixer is eminently suited for 
this purpose (see Chapter 111, Koiizontal 
Mixers). 

The dry oi* semi-dry mass is passed 
thi-ougli tlie mixer and water from a 
sprinkk'r ])ipe add(^d. The two shafts, 
revolving in opposite directions at different 
speeds, knead and turn the mass over, 
there1)y tlioi'oughly in(^orj)orating the water 
witli the clay and producing a homogeneous 
juass. 

Mixtures winch previously Were too short 
and “ 2 ‘aweey to pass through the pug 
mill, such as highly siliceous materials 
(ov(‘r silica), can often be brought 

down to a smooth, ev^n ])aste, which slips 
easily out of the die of the pug (sec Pug 
Mills below). In some cases the materials 
are ground and mixed wet in a pan having 
a solid, revolving bottom and stationary 
sides, or in a stationaiy jian with travelling 
rolls. This is a batch mixer, and the batch 
may be discharged through a door in the 
side or bottom of the pan. Where wet 
mixing is em])loyed there is no necessity to 
dry the clay before use. 

Aftei’ grinding, mixing and ageing in the 
above maimer, the material is next pugged. 
It is elevated and j)asscd between heavy 
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iron* rolls; these squeeze the material, 
incorporating the water more intimately 
and rendering the mass more homogeneous. 
One or more ])airs of rolls may b(' used; 
in the latter ease the pairs are placed one 
above the other, the material passing 
between each pair in succession. The dis- 
tance between the rolls is adjustable accord- 
ing to the fineness of the material being 
handled, but their function is solely one of 
mixing, and not crushing. 

Driving is ejected by means of pinion 
wheels mounted on the ends of the roll 
shafts and m(\shing together. li]ach pinion 
may have the same number of teeth so as 
to drive the rolls at the sauu^ sj>eed, but to 
reduce wear upon the teeth it is not un- 
common for one pinion to have one more 
(or one less) tooth than tJie other. 

As a rule, the surfaces of the rolls are 
smooth, and the rolls themsidves cylin- 
drical. But occasionally the surfaces are 
fluted, or have longitudinal gi’ooves cut in 
them to increase the suj’face ajid thei*eby 
enhance the mixing. The rolls are some- 
times made coni(;al for the same ])ur]iose. 

After passing through the rolls the 
material falls into the pug. This is a 
cylinder containing a shaft having blades 
Upon it arranged as an interrupted worm, 
which force the stiff paste along and extrude 
it through a die, after which it is cut off at 
intervals, and the lumps, or “ clots,” as they 



94 MECHANICAL MIXING MACHINERY 

are termed, go to machines to be made up 
into shapes. 

Pugs arc of two kinds, vertical and hori- 
zontal. The latter is the more popular, as 
it will deal with stiffer bodies. The function 
of the pug is principally conveying and 
extrusion, but as adflitional water is fre- 
quently added in it, in order to get the right 
degree of plasticity, it has a certain mixing 
function. It also compresses the body, 
thus rendering it more dense and tough. 
The mixing function is sometimes enhanced 
by fitting stationaiy counter knives to 
pi'event rotation of the mass ; or a pair of 
shafts rotating in o])posito directions are 
sometimes employed for the same purpose. 

Pugging improves all plastic materials by 
rendering them more dense and homo- 
geneous. With non -plastic materials, such 
as sands and ground silica rock used in the 
manufacture of silica bricks, it is not prac- 
ticable unless a sufficient proportion of 
water be added to produce a slop. Any 
attempt to do so causes the mass to jamb 
inside the body of the pug, with consequent 
breaking of the knives. The same trouble 
sometimes occurs with highly siliceous 
materials such as argillaceous sands, but 
may often be overcome by kneading the 
mass with water in a horizontal mixer 
before passing it through the pug, as 
previously described. Where no clay 
is present even this is not practicable. 
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• Silicoi brick mixes of this character are 
prepared in solid-bottom pans. The rock 
is ground for a certain period, 10 or 15 
minutes, dry; milk of lime is then run in 
during a furthe?* period of 5 minutes ; this 
serves to incorporate the lime throughout 
the mass. The })atcli is removed from the 
pan by means of a scooj) or sliding door in 
the bottom and made up at once by hand, 
no period of ageing being required in this 
case. The mass may be compared to a 
clay mix composed entirely of grog if such 
a mix w(a’e possible. The shapes hold 
together when difcd hy the setting of the 
lime in the same way as mortar. Owiiig to 
the com])arativo coarseness of the material 
compared with clay, the water quickly 
percolates through, so that thoi'ough mixing 
does not present the same problem in silica 
brick manufacture as it does in fireclay. 

Owing to the importance of getting the 
correct proportion of lime in the mix, silica 
brick mixes arc invariably made in batches. 
2 to 3% of actual lime is usually added 
and the correct proportion must be maiii- 
tained if bricks of uniform composition and 
refractoriness are to be obtained. With 
fireclay bodies containing 40 or 50% of 
grog, however, slight variations in pro- 
portion of grog and water do not produce 
the same effect, and consequently con- 
tinuous mixing is preferred for large outputs. 

A simple device for regulating the addi- 
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tion of water to h mix may be clese^'ibed. 
The device is illustrated in Fig. 14. The 
mixer, A, is of tlie horizontal type. The 
clay or othei* material is fed fi’om the 
vertical chute, B, tlirough an orifice the 
size of which may l)e varied. Wateu’ is 
supplied from the pipe, (■, to a per- 



forated pipe, I), tlie feed being regulated 
by the tap, F, actuated by the lever, F. , 
The exact amount of water passing can be 
measured by the meter, G. The pivoted 
plate, K, controls the supply of clay, and 
this can bo regulated by means of the 
balance weight, K, which can be moved 
along the lever arm, F. The plate controls 
the movement of the lever, F, as well. If 
the supply of clay diminishes, the left half 
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of the plate rises, depressing the right half 
and reducing the supply of water. If the 
clay feed ceases altogethei*, further move- 
ment of the plate completely cuts oil the 
supply of water. ^ The device is a simple 
one and can easily he fitted up in the 
average works. Adjustnuuit is quickly 
effected by moving K along the lever arm. 
The water meter is not essential, but is a 
great conv(‘niencc both for regulation of 
the supply and opeiution. 

Turning now to tlu^ liner (ieramic indus- 
tries such as the manufacture of bodies for 
stoneware, china and porcelain, we find 
that a much higher degree of intimacy in 
mixing is recpiired than for coarser bodies 
such as bricks and blocks. Tht' materials 
are much more finely ground and incor- 
porated. 

Stoneware is the name given to bodies 
made from clays burnt to su(*h a degree 
that they become vitrified, practically the 
whole matrix being converted into a glass, 
so that the wlujle body becomes non- 
^ porous. The highest degrees of viti'ification 
is reached in chemical stoneware, which has 
to stand the action of hot, concentrated 
acids and must therefore be quite imper- 
vious, otherwise penetration and disintegra- 
tion quickly result. The bodies are usually 
made up by mixing the clays and water in 
a mixer not unlike that in which bread is 
^ See British Clai/worker, June 1924. 
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kneaded. Powerful blades knead and turn 
over the whole mass until a stiff paste free 
from air bubbles is produced. This is then 
left to age, or “ sour,” as it is termed, for 
periods varying from six months to two 
years before being made up. 

China and poi'celain are prej)ared from 
a variety of materials, but the basis is, of 
course, china clay and ball clay with the 
addition of flint and felspar, bone ash, or 
whiting; numerous other materials are 
used, but need not be dealt with here. 

Tlie method of incorporating these ma- 
terials is as follows. The ball and china 
clays are jdaced in a tyjie of mixer known 
as a blungcr. This is not unlike a cement 
wash-mill, and consists of a (arcular wooden 
vat having onp or more vei’tical shafts each 
carrying two horizontal wooden arms from 
which depend harrows. As there are no 
hard particles to be broken up, these 
harrows are rigidly fixed to the arms. 

Horizontal shaft blungers are sometimes 
used. The shaft carries a series of discs 
with flanged peripheries; longitudinal bat- 
tens are bolted to the flanges and carry in 
their turn wooden beaters which beat the 
material into a slip. The whole is con- 
tained in a drum which may also be made 
to rotate in the reverse direction to the 
shaft, thus doubling their relative speeds 
and preventing the settling out of heavy 
materials. The clay and water are accur- 
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ately-proportioned to give a slip containing 
a definite quantity of material per pint, so 
that it may be measured into a mixing vat 
by depth. The flint and stone are likewise 
converted into a slip of definite comjiosition 
and the correct quantity is run into mixing 
vats with the clay slip. Hometimes the 
slip is passed through a sieve or “ lawn ” of 
fine mesh (KiO meshes to the linear inch) 
to separate coarse particles and give a 
smooth cream. 

American practice consists in jireparing 
the slip in a ball mill. Tlu^ materials are 
ground with water to a fine ci'eam. 

The slip is next passed through a filter- 
press and the I'csulting cakes are again 
blunged with water to which some delloc- 
culating agent, (usually sodium carbonate 
or sodium silicate), has been added to in- 
crease the density of the slip. By this 
means a slip weighing .‘16 or 37 ounces per 
pint, and therefore containing less water, 
can be produced, whereas with water only, 
27 ounces per pint would be the heaviest 
slip which would flow. 

The shapes, such as lavatory basins and 
other sanitary ware, are made up by run- 
ning the slip into the plaster moulds, which 
quickly absorb the water, causing the body 
to shrink away from the mould, so that it 
may easily be removed. 

The above is the method for large and 
complicated shapes; for small pottery 
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bodies the pressed cake may be pugged 
and made up on the potter’s wheel, or by 
other means, as a ])aste. 

The preparation of eeramie bodies and 
glazes is such a wide subject that it is 
impossible to do more than simply indicate 
the methods in use foi* mixing and blending 
the constituents so as to produce a homo- 
geneous mass whieli will vitrify evenly and 
produce a dense, hard body. The method 
of blunging with a relatively large amount 
of water illustrates the advantage of wet 
mixing over dry. The degree of homo- 
geneity thereby obtain{‘d is retained on 
de-watering, and the I'csulting ])aste may 
then be readily eonvei-ted to the desired 
consistency for (tasting or moiildiog. 

Before leaving the subject of mixing in 
the ceramic industry, reference may advan- 
tageously be made to a metliod in vogue in 
America and recently introduced into this 
country for the mixing of materials for 
brick-making, although it might be em- 
ployed in a variety of industries for mixing 
materials in bulk, provided these did not , 
suifer in quality through rubbing or squeez- 
ing (see Mixing in the fertiliser fndustry. 
Chapter VH). 

The screened materials are delivered in 
succession on to the upper run of a steel 
belt conveyor, in the correct proportions, 
and thus form super-imposed la^^ers. After 
the last feeding point a series of ploughs 
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turns the material over and roughly minces 
it ; at the same time, water is sprayed upon 
it by compressed air through a scries of 
atomisers. The wet mix is finally ploughed 
off the upper run on to the lower, whence 
it is delivered to the different presses.^ 
This arrangement, therefore, combines the 
functions of conveying, mixing and mois- 
tening. Steel belts are coming increasingly 
into use on account of their wear-resisting 
qualities, and provid(Hl they are run at the 
correct speed (as a rule not more than 
200 feet per minute) over j)ulleys not less 
than 40 inches in diameter, they are quite 
satisfactory. 

^ See Jour. Arner. (^cr. tSor., July 1924. This 
plant is iiiach' hy Steel Belt (\)nveyors, Ltd., 
Biriniiighani. 



CHAPTER VII 

MIXING IN THE FERTILISER INDUSTRY 

The manufacture of fertilisers involves 
the intimate mixing of materials which in 
some cases require special treatment, as 
they cannot be handled in the ordinary 
types of machines. Moreover, efficient 
mixing is highly important, first because all 
fertilisers arc recpiired by law to contain 
definite quantities of ('ach important con- 
stituent, namely, phosjdioric acid, nitrogen 
and ])otash; and these ipiantities have to 
be stated upon the containers, and are 
subject to analysis by the Official Agricul- 
tural Analysts. Secondly, although by no 
means less important, unless the mixing is 
efficient so as to produce comj)ound ferti- 
lisers which are liomogeneous, when applied 
to the land some jiortions of the latter would 
receive insufficient of one constituent and 
too much of another, and the clfect upon the 
resulting crops would be harmful either way. 

The principal constituents of most ferti- 
lisers are : phosphoric acid in the form of 
calcium phosjihate ; nitrogen in the form of 
ammonium salts such as sulphate, nitrate 
or chloride, nitrate of soda, organic matter, 
or cyanamide (the last has a very limited 
use) ; and potash in the form of chloride or 
sulphate. 

In order to render the phosphoric acid 
soluble and therefore assimilable by plants, 
it is usually converted into acid calcium 
102 
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phosphate by the action of either sulphuric 
acid in the manufacture of ordinary super- 
phosphate, as it is termed, or by the action 
of phosphoric acid in the manufacture of 
double superphosphate. 

This process, which is, of course, a wet 
mixing, is carried out in simple types of 
mixers of the vertical or horizontal type. 
In the former case, the mixer usually takes 
the form of a cylindrical container with 
a hemispherical bottom, made in special, 
acid-resisting, cast iron. It is provided with 
discharge doors opening outwards at the 
bottom. The agitator consists of a vertical 
spindle carrying mixing blades of helicoidal 
shape arranged so as to agitate and circulate 
the semi-liquid mass, Such a machine is 
illustrated in Fig. 1 5. 

It is customary to fix the mixer above 
two or more superphosphate chambers or 
“ dens,” as they are called, in such a manner 
that discharge may be effected into any one 
of the dens by opening the appropriate door 
in the bottom. 

The process of mixing or “ dissolving,” 
as it is termed, is effected as follows. The 
agitator is set in motion, and the acid and 
raw phosphate, in the form of mineral phos- 
phate or bone meal, are added simultane- 
ously. Agitation proceeds for a definite 
period, usually two minutes, found by 
experiment to be the minimum required 
Jbo produce a homogeneous cream. The 
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appropriate door is then opened and the mix 
discharged by gravity into the den; the 
door is then closed, a further })atch run in, 
mixed and discJiarged as before; the cycle 
of operations is continued until the den is 
full, when the next is filled, and so on. 



Tiie mixing is to ensure intimate contact 
between tlie acid and the jdiosphate, the 
chemical action being completed in the 
den. The raw })hosphate is previously 
ground to pass a 60 -mesh sieve. The mix 
sets in the den to a soft, dry mass readily 
broken down with picks or by excavating ^ 
machinery. 
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In. some works horizontal mixers are used. 
These are provided with a door at each end 
for discharge. The mixer is fixed across the 
top of two dens. The horizontal shaft 
carries an open, helicoidal worm. This 
agitator having been set in motion, the acid 
and phosphate are introdiiccfl. The worm 
forces the mass first towards the exit door, 
which is, of course, closed; tlie direction of 
rotation is then reversed and th(^ mass forced 
to the other end ; tlie discharge door is 
then opened, and the shaft being again 
reversed, the worm forctes th(‘ mass out 
into the den below. Tins arrangement, 
altliough giving a slightly (piicdcer discharge, 
lacks the simplicity of the vertical mixer, 
which is kept continuously rotating in the 
same direction. Uidess somewhat compli- 
cated, automatic reversing geai* is eiiiployed, 
another attendant is reepared to reverse the 
shaft at the appropriate intervals. More- 
over, the strain put upon tlui s])indle by the 
continual reversal of dinudJon necessitates 
it being made stronger than would otherwise 
be necessary. In the most modern factories 
the whole process of dissolv ing is carried out 
by one man. The plK)S])hate is brought- by 
a conveyor to the mixing loft and automatic- 
ally weighed; a magnetic device comes into 
action as soon as the scale tips, whereby the 
supply is cut off; tlie acid is conti’olled in 
similar manner, a far more satisfactory 
arrangement than the old one, in which the 
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attendant had to cut off the flow when the 
level reached a mark in an open measuring 
tank ; a very slight error of only half an inch 
or so made a considerable difference in the 
charge of acid to the mixer. 

Continuous dissolving devices whereby 
the acid and pliosphate are measured con- 
tinuously, and flow into one end of a hori- 
zontal mixer-conveyor to be discharged at 
the other end into the den, have been 
evolved, but have not come generally into 
favour, at any rate in this country. Such 
arrangements would undoubtedly effect a 
marked saving in time, but the difficulty in 
measuring a solid, even when in a finely- 
divided condition, with the accuracy neces- 
sary has hitherto prevented the general 
application of such a scheme. 

A^Tien we come to the manufacture of 
such a fertiliser as dissolved bone compound 
(called in the trade l).B.(^) intermittent 
batch mixing is the only practicable way. 
This matei'ial is prepared from raw phos- 
phate and shoddy (wool waste), by treatment 
with sulphuric acid in the usual w^ay. The 
shoddy is extremely bulky and fibrous, and 
w^ould bo practically impossible to measure 
continuously with any degree of accuracy. 
It is usually simply weighed out and intro- 
duced first into the mixer. The raw phos- 
phate is put in on top of it together with the 
acid, and the whole thoroughly mixed. The 
material, a dark fibrous mass, takes about 
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six months to mature in the heap, as solution 
of the shoddy by the acid proceeds very 
slowly. 

The question of the order in whicli the 
materials arc placed in a mixer is one of 
considerable importance in a large number 
of mixing problems. AVJicn mixing solids 
and liquids, it naturally stands to reason 
that the solid should not be put in first, 
as it would tend to cake on the bottom. 
The most effective way in most cases is 
to add the solid and liquid simultaneously. 
The words of Mr. L. M. G. hVaser, Chairman 
of the J3ritish diemical Plant Manufacturers’ 
Association, may be quoted with advantage 
here. 

“ Problems of mixing dry and wet 
materials can yet be studied with advan- 
tage, and a great deal of useful power saved 
by studying the rapidity of absorption of 
chemical reaction that is required to take 
place. Where the time factor comes in, 
large mixers with slow motion and less 
relative 2 )owcr may be advantageous, and 
with rapid solution smaller mixers and 
quick motion are advisable. I have known 
of cases where a very large amount of power 
was ^saved by the simple exi)cdient of 
studying the order in which the materials 
were put into the mixer.” 

In the case of superphosphate and like 
substances, the question of chemical action 
in the mixer is not so important, as in any 
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case the reaction completes itself on stand- 
ing in the den, or in the heap in the case of 
D.B.C. But in order that this chemical 
reaction may proceed to the proper degree 
of completion, intimate incorporation in the 
mixer within a short space of time is highly 
important, and a careful consideration of the 
exact conditions of mixing is aniply repaid. 

Turning now to methods of mixing and 
blending comj^oimd f(‘rtilisers, w(^ find a 
variety of special methods in use. Super- 
phosphates and like substanc(\s are of a 
peculiar character. They must not be 
pressed or sheared to any extent, otherwise 
they tend to “ paste,” more es])ccially when 
still hot from the den ; on cooling, this paste 
sets to a hard, tough mass which cannot 
be ground in the usual way, as it merely 
pastes again, but has to be disintegrated 
by blows upon the unsupported material; 
even when treated in this manner it is often 
very difficult to pulverise, if in the form of 
small particles of the size of a pea. This is 
one of the chief reasons for the difficulty in 
designing suitable excavating mechanism 
for the dens, and why even to this day the 
pick and the shovel are still used to a con- 
siderable extent for this purpose. 

Mixers for blending superphosphate with 
sulphate of ammonia and potash salts are 
designed with the object of avoiding, as far 
as possible, any grinding or squeezing action 
on the material. They are of both the batch 
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and continuous types. An example of the 
former is the Sturtevant batch mixer inade 
by the Sturtevant Engineering Co., Ltd., 
the j)rinciple of wliicli is the same as that 
of the Drum concrete mixer described in 
Cliapter V (Fig. 12). 

It consists of a closed di'iim in which the 
same opening serves for the feed and dis- 
charge; thus there is only one opening to 
seal against dust. 'The (‘iid of the drum 
opposite the feed is made easily removable 
on the open-door ])rinciple, so that the 
interior is readily a(K‘cssiblc for cleaning. 
This is an important point with fertilisers 
where frequent ciianges may be made in the 
mixings, Ihdess properly cleaned, the 
residue left in the mixer will cake in the 
manner peculiar to sup(‘r])hosphates. This 
residue will then be discharged with the 
next batch in the form of lumps, which 
will necessitate re-milling in older to get 
the material into the fine condition necessary 
for sowing. 

The action of mixing is self-explanatory 
from the figure, and charging and discharg- 
ing are effected by bringing the appj’opriate 
scoop into position. Mixing is effected in 
half a minute. The drum is rotated by 
means of a pair of toothed rings, one at each 
end of the drum, which gear with a pair of 
small pinions rotated by means of a pulley. 
It will be noted that the material is not sub- 
jected to any rubbing, grinding or squeez- 
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ing action liable to cause the material to 
j)asto and harden. 

The machine is made in batch sizes of 
5 cwts., 10 cwts. and 1 ton, coTTcsponding to 
mixing capacities of 13, 27 and OO cubic feet 
respectively. The output varies in the 
diffei’cnt sizes fj'om 3 to 20 tons ])er hour, 
and absorbs from 3 to 10 })rake horse power. 
Speed of revolution is 120 r.p.ni. in the 
smallest size, 100 r.p.m. in the intermediate 
and 75 r.p.m. in the largest. 

This mixer is excellent for preparing 
relatively small batches of accurate com- 
j)osition for the fulfilment of small orders. 
Owing, however, to the necessity of agoing 
mixed fertilisers for periods varying from a 
week up to six months, it is necessary to 
anticipate large orders and make for stock. 
Fertilisers which give the most trouble with 
caking are those containing sulphate of 
ammonia and superpliosphate. If bagged 
immediately after mixing the whole sets 
to a hal’d, rock-like mass perfectly useless 
to the farmer. This tenderujy is greater the 
greater the content of sulphate of ammonia 
up to a point. The usual practice is, there- 
fore, to mix sufficient of a high-grade 
fertiliser of this character containing the 
maximum quantity of sulphate of ammonia 
likely to be required. The heap is allowed 
to mature for as long a period as possible, 
but certainly not less than a month and 
preferably two months. From this heap. 
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after maturing, other mixtures containing 
less sulphate of ammonia can readily be 
made and bagged at once, ready for delivery. 

The mixing of these heaps for stock is 
usually effected continuously in a type of * 



FlO. 16. — PULVEH Blendeii. 


machine which pulverises by a series of 
rapid blows upon the unsupported material. 
One example of such a machine is Tyler’s 
Pulver blender made by the Bicklc Engineer- 
ing Co., of Plymouth, and illustrated in 
Fig. 16 . The vertical, balanced shaft, A, 
carries beaters, B, of a particular shape. 
Below the beaters is a disc, C, which also 
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rotates with the shaft. The material is fed 
by means of an elevator (not shown in the 
diagi'am) to a chute, whence it falls over 
the distributing cone, which gives even dis- 
tril)iition of the material to the beaters. 
The shaft revolves at a speed suitable to 
the hardness of the material, giving a 
linear velocity at the tips of the beaters of 
6000 to 8000 feet per minute, whereby the 
lumps are instantly shattered and hurled 
against the screens, K, wliieli separate the 
line material. Liim[)s wliic'h esea])e the 
beaters are caught uj)on the disc and hurled 
outwards upon the screens with sufficient 
force to disintegrate them. Finally fan 
blades (not shown in the diagram) are fitted 
below the plates and I’otate witli it, thus 
circulating the air and drying and aerating 
the pulverised matei ial. 

Owing to the scr(‘(‘ns being inclined, the 
area of each mesh projected on a vortical 
plane is considera})ly smaller than the actual 
area and therefore screens of a large mesli 
which will not readily choke up, can be used 
without passing too coarse a product. 

The machine is, of course, both a pul- 
veriser and a mixer. When used as the 
latter the materials are brought to the foot 
of the elevator in the correct ju’oportions 
and simultaneously shovelled into the boot, 
to be elevated, pulverised and blended as 
above described. The tailings run down to 
the bottom of the screens and are returned 
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by means of a chute to the boot of the 
elevator. 

Tliese machines are made in small port- 
able sizes with capacities from 1 to 4 tons 
per hour, and in large fixed sizes with 
capacities from 10 to 20 tons per hour. 
Power re(juired iu the small sizes is from 
5 to 10 h.p. and in the large 15 h.p., includ- 
ing that for the elevator. These machines 
may be used for the ])reliminary mixing 
preparatory to ageing in the heap, and for 
this ])m‘poso are highly efficient, as the 
aerating and drying effect produced by the 
fan blades upon the hot, dam]) supej'phos- 
phate is very beneficial in getting the 
material into fine, friable condition. For 
the purpose of mixing orders for dispatch, 
the small j)ortal)le sizes are especially use- 
ful, as they may be moved about from one 
part of the store to another so as to deal with 
different heaps. 

Another type of machine consists of a 
pair of shafts carrying ro^vs of arms; the 
arms upon one shaft pass between, and thus 
partially mesh with, those u])on the other. 
The shafts are revolved in opposite direc- 
tions at high speed and the material is fed 
between them and thereby pulverised and 
blended. 

In all these machines it will be noted that 
the main principle involves blows upon 
the unsupported material, and this, in fact, 
is the only satisfactory means of dealing 
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with mixed fertilisers in lumps. Any 
attempt to deal with such materials other- 
wise generally proves unsatisfactory. An 
example of such an attempt may be cited 
to show its futility. 

In order to blend sulphate of ammonia 
with superphosphate continuously, the 
former was delivered by a table measuring 
device (see Cha])te]‘ III) on to a tray con- 
veyor which carried it along in front of the 
mouth of the den from which the super- 
phosphate was being excavated mechanic- 
ally. Thus the latter formed a layer super- 
imposed upon the rib})on of sulphate 
of ammonia. The two materials were 
delivered over the end of the conveyor 
into the boot of an elevator, whence they 
were carried u]:) to the top of the building 
and delivered, by means of a hopper, on to 
a steel belt conveyor. A diagonal, lamin- 
ated steel blade mounted upon a carriage 
whereby it could be moved to different 
positions along the belt was provided, to 
deflect the materials off the belt so as to 
drop them at any point on the ground below 
its line of travel. Jt miglit be thought that 
aftt^r so much travelling, handling and 
falling the materials would be well mixed 
by the time they reached the deflector 
blade; this was not, however, the case. 
To begin with, they could easily be distin- 
guished as sepaj-ate pockets of material in 
the buckets of the elevator, being hardly 
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mixed at all; upon the belt they wore 
partially mixed, but not nearly sufficiently. 
Finally, the deflector blade actually separ- 
ated them to a great extent, by rolling the 
superphosphate into balls about the size 
of a pea, and these balls rolled down the 
side of the heap as it was built up and col- 
lected at the bottom, and the result was a 
heap in which the superphosphate was 
mainly at the bottom, and the finer, crystal- 
line, sulphate of ammonia at the top. The 
result, as a mixing, was ])erfectly useless and 
had to be milled two or three times before 
it was properly mixed, in a type of machine 
previously described, in order to break up 
the small hard balls of superpliosphate and 
thoroughly blend them into a homogeneous 
mass with the sulphate of ammonia. 

This case indicates tlie necessity of proper 
treatment of fertiliser material^ in order to 
mix them thoroughly, and the importance 
of avoiding as far as possii)le in the process 
any action which tends to squeeze or rub 
the material. 

In passing it may be mentioned that the 
recent tremendous explosion at the works 
of the Badische Aiiilin- & 8oda-Fabrik at 
Oppau in 1921, in which a large dump of a 
mixed fertiliser consisting of sulphate and 
nitrate of ammonia exploded, causing appal- 
ling damage and loss of life, was attributed 
at the inquiry to the existence of pure 
ammonium nitrate which detonated the 
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whole mass during the 2)rocess of breaking 
up by blasting. The existence of such 
pockets would indicate imperfect mixing, 
ajid tlic explosion would ])robably not have 
occurred if this had been jnoperly carried 
out, as, although nitrate of ammonia can be 
detonated, re])eated attemjjts to detonate 
the mixed salts in ex})eriments at Woolwich 
failed. 

The mixing of i‘aw ])hosphate and basic 
slag in the ])reparation of “ slag ];)hosphate ” 
or enriched slag has already been referred 
to in (liapter TIL 



CHAPTER VITI 


^ MIXING IN OTHER INDUSTRIES 

Rubber Mixing. — The incorporation of 
various substances such as sulphur, lime, 
litharge, etc., with raw rubber for the pur- 
pose of vulcanising and filling, is an ex- 
tremely important iiranch of the rubber 
industry. Sulphur is added in varying pro- 
portions according to the quality of vulcan- 
ised rubber required; lime and litharge are 
added as accelerators of vulcanisation ; 
whilst various other substances, such as 
cai'bon black, lithophone, slate dust and 
bitumen, are added either as simple fillers 
to cheapen the jiroduct, or to improve its 
strength and texture. 

Raw rubber is a stiff, plastic and some- 
what sticky substance, and calls for special 
treatment in mixing. The ordinary type 
of mixer would be quite useless, as the 
rubber would simply cling to the blades and 
shaft as a sticky mass and revolve with 
them, no mixing action whatever taking 
place. The materials, or “ drugs,” as they 
are termed in the trade, might be inciorpor- 
ated by dissolving the rubber in somc^ solvent 
such as naphtha oi' carbon disulphide and 
then adding the “ drugs.” In this con- 
nection, the colloid mill may be applied 
and extremely intimate mixing obtained. 
The cost of evaporation and recovery of the 
solvent would, however, prohibit the use of 
this method for large and heavy goods such 
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as tyres. The means universally employed 
for this purpose consist in squeezing the 
materials into the rubber by means of a 
pair of cast-iron rolls, set close together; 
the distance apart may be varied. These 
rolls resemble those used for washing the 
raw rubber, but are plain, instead of being 
fluted or corrugated. They are jnade of 
cast iron, and are hollow, to enable them 
to be heated or cooled. They revolve in 
opposite dii'cctions at relative speeds vary- 
ing from 3 to 2, down to 1 tooth difference 
in the pinions actuating them. The usual 
size is 36 indies long by 16 inches diameter. 

The process of mixing is as follows. The 
rubber is passed through the rolls repeatedly, 
the latter being gradually tightened up 
during the process, until it is thoroughly 
“ masticated ” or plasticised and formed 
into thin sheet. The materials, in fine 
powder, are then sjirinkled upon the sheets, 
which are again passed tlirough the rolls 
whereby the powders are jiressed into the 
soft mass. This process is repeated until 
a homogeneous plastic mass, in which the 
“ drugs ” arc evenly disseminated, is pro- 
duced. Any rubber which adheres to the 
rolls is removed liy a scraper or “ doctor.” 
A batch of 1 cwt. takes 30 to 40 minutes 
to mix. 

The aim is to produce a homogeneous 
mass or ‘‘ dough ” without overworking 
or “ tiring ” the rubber. Here again, as in 
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the mixing of the superphosphate in ferti- 
lisers, we have a material of peculiar 
character which calls for special treatment. 

The roUs are usually direct driven by 
electric motor, but occasionally belt drive 
is employed from a line shaft. ^ 

Hydration of Lime. — The mixing of lime 
with water to produce liydrate of lime is a 
process whicli calls for special treatment 
where a satisfactory product is required. 
The process may be divided into two classes, 
according to whether a wet hydrate 
milk of lime) or a dry hydrate is required. 
In the former case no special features are 
presented ; a circular vat provided with a 
rotating agitator somewhat resembling a 
blunger or wash-mill is the a])paratus 
required. This is filled with water and the 
quicklime added in lumps. Tlie lumps 
quickly take up water and hydrate, with 
production of heat and swelling, and con- 
sequent disintegration. The aians of the 
agitator quickly disseminate the fine hydrate 
first formed on the surface of the lumps 
throughout the liquid, exposing tlie cores 
to the further action of water until com- 
pletely hydrated. The milk is run through 
a screen to a storage? tank in order to sepai- 
ate stones and any pieces of unhydrated 
lime. In some cases the lime is placed on a 
grid or in a basket kept in vibration, which 

^ See “India-Rubber and its Manufacture,” by 
H. L. Terry. Constable. 
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is immersed in the tank. The movement of 
the basket sepai*ates the hydrate from the 
nnhydrated lime and impurities, whilst the 
agitator serves to liold it in suspension. 

Where a dry hydrate is required, a 
dift'erent pi*oblem is presented. Water 
must be added in only just sufficient 
quantity to form the hy(lrate. Too much 
will ])roduce a ])aste, whilst too little will 
give some quicklijuc in the product, which, 
foi‘ most j)urposes for which tlie hydrate is 
]*equired, would be highly undesirable and 
deleterious. The mixture passes through 
a sticky or plastic stage before being con- 
verted to powder; (;oi]sequently a. type of 
mixer combining the functions of both wet 
and dry mixing is required. 

Hydrators may be of the batch or 
continuous type. A simple type consists 
merely of a horizontal cylimhu* perforated 
with holes. I'lie qui(;klime is added at one 
end, and as it travels through the cylinder, 
meets jets of water. Hydration takes ])lace, 
heat is evolved and the dry hydrate is 
screened out through the holes, whilst 
impurities remain behind and are worked 
out at the o])])osite end, the cylinder being 
slightly inclined for this purpose. The 
disadvantage of this type lies in the diffi- 
culty of making the holes the correct size. 
If too large, unslaked lime and pebbles will 
find their way into the ])roduct, and if too 
small they will quickly become clogged. 
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Tlie “ Clyde ” hydrator consists of a 
circular pan of similar type to that of a pan 
mill, but in place of rolls, scrapers are pro- 
vided which plough and turn the material 
over, breaking u]) and exposing fresh sur- 
faces to the action of the water until 
hydration is complete, when the batch can 
be removed and screened. The pan is 
surrounded by a hood and stack to carry 
oft steam atid dust. Another type, the 
Weber, consists of a trough containing two 
horizontal shafts carrying paddles or beaters 
revolving in opposite directions, with a 
dischai'ge door at the bottom. Tiiis 
machine resembles Fawcett’s Tar Macadam 
unixer (see ( 'hapter V). 

Both tlie former are of the batch-mixing 
type. Turning to cojitinuous hydrators, of 
which the rotary screen previously men- 
tioned is a ty})e, two may be mentioned. 

The “ Kritzer ” hydrator consists of a 
scries of six tubes placed one above the 
other. Each tube contains a spiral con- 
veyor of the open or interrupted worm type. 
The lime is fed in to the top tube, whilst 
water is sprayed in at a ]joint two-thirds 
of the way up a stack which surmounts the 
whole system; in this way a portion of 
the fine dust is caught and returned to 
the system, some steam condensed and the 
water warmed ; it flows down into the tubes 
and hydrates the lime, and the hydrate falls 
out at the bottom. 
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The “ Schaffer ” hydrator works on a 
similar principle, but is of different design. 
It consists of an upright cylindrical vessel 
divided into circular chambers by means 
of shelves. A central, vertical shaft 
carries arms with rabbles which sweep the 
shelves. The latter has holes alternately 
at the centres and pcriphcric^s. The lime is 
fed in at the top and is swept down from 
shelf to shelf, the water being sprayed into 
the stack. Hie whole closely resembles 
a Herreschoff mechanical furnace.^ 

A type of mixer recently introduced for 
a variety of s])ecial ])urposes, and adaptable 
to the above ])urpose, is the “ Fusion ” 
mixer made by the husion (brporation oh 
Middlewich. It consists of a horizontal 
cylinder in wliich lies an elongated paddle 
having four or six blades. 'I'his paddle, 
which extends nearly the full length of the 
cylinder, merely lies therein and has no 
other support. The action of this paddle is 
shown in Fig. 17. In A it is being raised 
by the rotary movement of the cylinder to 
the position shown B from which it rolls 
over into the position G, By this action 
the material is continually turned over and 
over, and subject to a beating and slicing 
action, whereby it becomes thoroughly 
mixed, whether wet or dry, and prevented 
from adhering to the sides and caking. The 

^ See “ Lime and Magnesia,” by N. V. 8. Knibbs, 
Messrs. Ernest Benn, Ltd. 
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blades do not come into direct contact with 
the sides, but fall upon the bed of material 
being treated. Movement of the material, 
through the cylinder is effected by the slight 
“ head ” between the feed and discharge 
end, and not by sloping the tube to even a 
slight extent ; if this wei’c done tlie paddle 
would tend to worJv down to the lower end. 

Mixing in the Organic Chemical Industry. — 
The manufacture of organic compounds 



Fio. 17. — Choss Section of Fusion Mixer, 


involves many processes siu^h as niti'ation, 
sulphonation, and acetylation, in which 
mixing problems arise. Here the object 
of mixing lies in bringing the various 
materials into more or less intimate contact 
in order to promote and facilitate chemical 
action, and the type of mixing apparatus 
chosen will depend upon the nature of the 
materials and the type of chemical action 
involved. 

Processes of nitration and sulphonation 
will involve the mixing of hquids with other 
liquids either soluble or insoluble, or with 
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solids. In the former case, when the liquids 
arc mutually soluble a veiy simple type 
of mixer will suffice; such is the case in 
the sulphonation of phenol. A deep, cylin- 
drical vessel jacketed with steam has sus- 
])ended in it a vertical shaft carrying at the 
bottom an agitator in the formof an inverted, 
hollow frustum of a cone, which is attached 
to tile shaft by means of webs or vanes 
arranged spii’ally.^ On rotating the shaft 
this agitator draws the liquid from the 
lower layers and (drculates it, thus effecting 
mixing. In tlie case above mentioned the 
sulphuric acid is placed in the sulphonator 
first and the agitator set in motion. The 
plicnol, previously melted, is then added, 
and dissolves almost at once with the pro- 
duction of the orthosulphonic acid. If 
the para-, or the di-sulphonic acid is required 
the whole must be kept in gentle agitation 
at a temperature of 100-110^ C. for several 
hours. As the phenol is already in solution, 
arid consequently in molecular contact with 
the acid, the agitation actually plays no 
part in bringing the materials in contact, but 
merely serves to cause the whole volume of 
liquid to pass in close proximity to the 
heated walls of the vessel, and thereby to 
become more rapidly heated throughout. 

Where the liquid to be treated is insoluble 
in the acid, such as in the sulphonation of 
benzene and its homologues, more vigorous 
^ See Chapter II. 
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agitartion is required in order to disseminate 
the benzene throughout the acid in as fine 
globules as possible. The benzene only 
dissolves in the acid just as fast as it reacts 
with the same, and consequently agitation 
must be maintained until solution is com- 
plete. For this purpose, an agitatoi* is 



Fkj. 18.— Korizontvl Fki. 1!) — Vt;uTic\L Ahm 

Arm Aoitator. AtarAroK. 


required with arms extending nearly to the 
full diameter of the vessel, such as is illus- 
trated in Fig. 18, which shows a mixer with 
horizontal arms. In the case of a round- 
bottomed or hemispherical type of mixer, 
an agitator with vertical arms such as is 
illustrated in Fig. 19 is more convenient. 
This is a highly efficient type, as the semi- 
circular blade sweeps the bottom of the 
vessel and prevents deposition. Mixers of 
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this pattern are, therefore, highly suitable 
for the sulphonation or nitration of solid 
niateiials. 

A very useful foini of sulphonator stirrer 
consists of a vertical shaft carrying two 
impellers one above the other ; the upper one 
drives the liquid downward and the lower 
one upwards, whilst arms are mounted 
between the two to increase the agitation. 

In many cases it is desirable to have a 
tilting vessel in oitler to disc^harge the 
contents. In order to pi’ovide this with a 
vertical shaft agitator which can remain in 
position when the vessel is tilted, the arrange- 
ment shown in Fig. 20 is convenient. The 
vessel tilts upon the hollow trunnions, A A, 
which are concentric with the sju’oeket B, 
which drives bevel gearing, 0, by means of 
the chain, 1), and thence the peculiarly 
shaped agitator, K The whole of the 
agitating gear, including the bevel gear, 
horizontal shaft, F, and sprocket G, tilts 
with the pan, the driving chain moving 
round the small sprocket B, and the agitator 
may be kept moving as the vessel is tilted. 

The carrying out of reductions such as of 
nitrobenzene to aniline, or in fact any 
reaction in which a metal such as iron, 
in the form of filings or borings, or zinc 
dust enters, necessitates a highly efficient 
agitator which will sweep the bottom of the 
vessel and maintain the metal in a constant 
state of suspension and prevent it settling. 
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In tlie laboratory, such a reaction is usually 
carried out using a much greater proportion 
of hydrochloric or acetic acid than is used 
on the works, consequently a much greater 
proportion of ferrous salt is })resent to 
effect reduction, and vigorous agitation is 
not necessary. The small quantity of acid 



Fio. 20 . — Tilting Pan with Vektical Gate Agitatoe,, 


usually employed in works reactions of this 
kind, however, involves a much smaller 
concentration of ferrous salt. This is con- 
stantly being oxidised to the ferric state, and 
in turn being again reduced by the iron 
present to the feiTous condition, and the 
rate of reduction will depend upon the 
number of times the iron can be oxidised 
again in a given time. This in turn depends 
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upon the efficiency of tlie agitation. Some 
of the agitators previously described are 
suitable for this purpose, but an exara])le of 
a highly efficient type is the Planet agitator 
illustrated in Fig. 21. The upper bc^vels, 
A, drive the vertical shaft, B, which in turn 



Fio. 21 . -Jacketed Pan with Planet Aoitatou. 


drives the lower crown wheel, ( -, and rotates 
the agitator as a whole; at the same time 
the rotation of the lower crown wheel 
actuates the small bevel, D, and agitator, 
E, which rotates and at the same time 
travels round the vessel, thus effecting a 
highly vigorous and efficient mixing and 
agitating action. 
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Practically all these machines are pro- 
vided with jackets for the circulation of 
steam, water or oil for heating and cooling, 
or with coils for the same purpose ; in some 
cases both are ])rovided, the jacket for 
heating and the coil for cooling. They may 
be lined with a homogeneous lead lining, 
and the agitators may be similarly covered 
with lead. Messrs. Paul Schiitze & Co., of 
Oggersheim, specialise in this class of work, 
and also in steel coils cast into the ])ody of 
the vessel in ])lace of jackets, and in steel 
mixing vessels lined with cast iron. 

Mixing in the Soap Industry. — The soap 
industry employs a variety of mixing 
machines termed cm tellers, from the fact 
that mixing in the early days of the in- 
dustry was cairied out with wooden ])oles 
or crutches. They arc used for blending 
the various materials with the stiff soap. 
Such materials include fillers such as deter- 
gent clay, perfumes, colours, etc. A very 
common type consists of a vertical, cylin- 
drical, jacketed vessel containing a vertical 
shaft agitator ; the latter comprises a 
hollow cylinder concentric with the shaft 
and joined thereto by a spiral web. The 
action of this web is to force tlic soap up- 
wards or downwards through the cylinder 
according to the direction of rotation, and 
return it between the cylinder and the 
walls of the vessel. Drive is effected 
through crown and bevel wheels; of the 
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latter, two are provided which meslv with 
the crown wheel, and either may be locked 
to the shaft by means of a sliding dog clutch 
so as to revolve the agitator in either 
direction ; by this means extremely intimate 
blending is effected. Sometimes a pipe coil 
siiri'ounds the agitator for heating purposes. 

For thin soaps the agitator is provided 
with arms to prcivent the outer layers 
remaining more or less “ stagnant.” ^ 

Mixing in the Paint and Varnish Industry. 
— A few types of paint mixers have 
already been described in Chapter III. 
The principles of paint manufacture involve 
a preliminary grinding of the ])igment in oil 
in a pan mill, followed by fine grinding 
between triple rolls, or in a cone mill ; both 
these processes effect mixing; sometimes 
an intei’mediatc process of mixing is effected 
in a simple type of horizontal mixer, 
designed to keep the whole contents in 
motion so that a homogeneous cream is fed 
to the finishing rolls. 

Mention may advantageously be made 
of the Torrance edge runner or pan mills » 
made with j>ositive action to the rolls. In 
the usual typo of pan mill the rolls revolve 
by simple friction between them and the 
pan, or rather the material in it; this is 
suitable for rough or dry materials which set 
up ^considerable frictional resistance; but 

^ See Modern Soa,p and Detergent Jndusiry, by 
Geoffrey Martin. 
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in tile case of pigments in oil, when the 
whole has been ground down to a certain 
consistency there is a tendency for the rolls 
to skid round the pan without revolving, 
with the result that mixing is not ]u'operly 
effected. To avoid this, the Torrance mill 
is fitted with a positive drive fi’om pan to 
roll; the latter carries a toothed wheel 
having teeth projecting horizontally from the 
rim ; these teetli mesh with another pinion 
fixed to the ])an and revolving with it in a 
horizontal plane so that tlui roll is positively 
driven by the pan and is independent of 
friction with it. This positive gearing is 
designed with such ratios as to revolve the 
roll or rolls at a greater speed than they would 
if revolving by simple friction with the pan. 
The materials are thus subjected to a 
shearing as well as a crushing action, and 
the effect is tlie same as would be produced 
by two or three rolls running at different 
speeds ; in addition, the twisting action of the 
rolls, continually drawing the material from 
a straight into a circular path, ensures an 
• extremely thorough grinding and mixing 
action. Spring ploughs turn over and 
deflect the material into the path of the 
rolls, further increasing tlie mixing action. 

These mills are made in varying sizes from 
2i to 8 feet in diameter. They are under- 
driven bycrown and bevel pinions. Discharge 
is effected automatically through a door 
operated by a handle opening into a chute. 
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The positive gearing between pan and 
rolls is protected by means of a ridge on the 
pan surrounding the pinion, and in addition 
the whole gear may be enclosed. 

The inside of the pan and the exterior of 
tlie rolls ar(i gi-ound ]oerfectly true, and 
polished so that the smallest particles are 
subjected to their action when they come in 
contact. Moreover, it is not necessary to 
true up the surface f]*om time to time, 
as the weal* is even, the surfaces continually 
trueing one another up. 

The function of the finishing rolls is to 
grind and mix the paint to an exti'emely 
smooth and fine ci*eam. They consist of 
three rolls of granite oi* roughened steel, 
revolving at different speeds in ojiposite 
directioTis. The paint is fed on to the 
slowest roll, is carried round and taken up 
by the intermediate roll which revolves 
at a faster speed, and thence on to the third 
roll, which is the fastest, from whence it is 
taken by means of a scraper or “ doctor,” 
as it is termed. In addition to a rotary 
movement, the central roll oscillates from 
side to side in order to even the wear. 

Messrs. Torrance and Sons make an 
improved type of mill of this character. 
The rolls are driven by gears machine-cut 
from the solid and running in an oil-bath. 
Adjustment is effected by a micrometer 
down to a fraction of a thousandth of an 
inch between the rollers; by this means 



MIXING IN OTHER INDUSTRIES 133 


any ‘desired pressure may be put upon the 
material without actually bringing the 
rollers in contact, and thus preventing any 
passing ; by this means also a single passage 
through the rolls will r(‘ducc the paint to 
the desired consistency. 

By a special arrangement of gearing, 



Fia. 22 .— Cone Paint Mill. 
Adapted from Alien's Chemical Kngiiiccri-tig. 


alteration of the adjustment of the rolls 
does not affect the depth of engagement 
of the gear teeth, which always work at the 
correct depth (i.c., with their respective 
pitch circumferences just in contact), thus 
giving smooth and noiseless working with 
minimum wear. 

For the mixing of smaller batches of 
paint, the cone paint mill illustrated in 
Fig. 22 is suitable. 
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The conical bottom of the pan, A, is 
rotated by means of the bevel pinions 




Fio. 23 . — End Runner Mill. 


mounted below, and the material escapes 
through the fine annular ring formed be- 
tween the sides and the bottom into the 
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trough, B ; the latter is made witli a sloping 
bottom so as to draw the paint off at one 
side. The width of tlie annular escape ring 
can be adjusted by means of a screw, not 
shown in the diagram, which raises or 
lowers the conical bottom. The mixing 
blades, C, revolve with the bottom and are 
detachable; they are used for working up 
stiff or thick materials. 

Coming down to small machines for 
mixing very small batches for experimental 
purposes, the end runner mill, illustrated 
in Fig. 23, is very useful. The pan or 
mortar. A, which may be made of Wedgwood 
earthenware similar to an ordinary labora- 
tory mortar, is mounted in a housing from 
which it may bo ([uickly detached for 
cleaning. This housing is revolved either by 
hand or power through the ])evel pinions. 
In (a) the pestle is shown in the working 
position, and rotates by friction with the 
pan; the material is thus subjected to a 
twisting action on the bottom which effect- 
ively grinds and mixes it to a fine paste or 
cream. In (h) the pestle is shown swung 
out of action ; the scraper, C, removes any 
material which may adhere to it. 

The Torrance mixers descriljed in Chapter 
III are also suitable for mixing small or 
medium-sized batches, and also for thinning 
down thick materials. 
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